Seasonal Distribution of Dinoflagellates in the Lower York River, Virginia by Mackiernan, Gail Brown
W&M ScholarWorks 
Dissertations, Theses, and Masters Projects Theses, Dissertations, & Master Projects 
1968 
Seasonal Distribution of Dinoflagellates in the Lower York River, 
Virginia 
Gail Brown Mackiernan 
College of William and Mary - Virginia Institute of Marine Science 
Follow this and additional works at: https://scholarworks.wm.edu/etd 
 Part of the Fresh Water Studies Commons 
Recommended Citation 
Mackiernan, Gail Brown, "Seasonal Distribution of Dinoflagellates in the Lower York River, Virginia" (1968). 
Dissertations, Theses, and Masters Projects. Paper 1539617405. 
https://dx.doi.org/doi:10.25773/v5-t9vz-7s49 
This Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M 
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized 
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu. 
SEASONAL DISTRIBUTION OF DINOFLAGELLATES 
IN THE LOWER YORK RIVER, VIRGINIA
A Thesis 
Presented to 
The Faculty of the School of Marine Science 
The College of William and Mary in Virginia
In Partial Fulfillment 
Of the Requirements for the Degree of 
Master of Arts
By
Gail B. Mackiernan 
1968
APPROVAL SHEET
This thesis is submitted in partial fulfillment of 
the requirements for the degree of 
Master of Arts
Gail B. Mackiernan
Approved, August 1968
John lit Wood, Ph.D. , Chairman
0 ,  i
Frank 0. Perkins, Ph.D.
/OirCLtiut (a
Willard A. Van Engel, Ph.M.
Marvin L. Wass, Ph.D.
ACKNOWLEDGMENTS
The author wishes to express her appreciation to Dr. John L.
Wood, committee chairman, for his suggestions and guidance through­
out the course of this investigation. The author is also indebted 
to Dr. Morris L. Brehmer, Dr. Frank 0. Perkins, Mr. Willard A. Van Engel, 
and Dr. Marvin A. Wass of the Virginia Institute of Marine Science for 
their reading and criticism of the manuscript. Special thanks are 
offered Miss Karen A. Steidinger of the Florida Board of Conservation 
Marine Laboratory and Professor Tohru H. Abe^ of Tokyo, Japan, for their 
help with identification of specimens and their many suggestions 
regarding dinoflagellate taxonomy. Thanks are also due Mrs. Howard 
Kerby for patient typing of the manuscript, and Kay Brown for her 
assistance with the plates and figures.
TABLE OF CONTENTS
Page
ACKNOWLEDGMENTS .    - iii
LIST OF T A B L E S ........... v
LIST OF FIGURES.............  vi
LIST OF P L A T E S .............  vii
A B S T R A C T .............................................. viii
I N TRODUCTION..........................- - ............. 2
LITERATURE R E V I E W ........... 6
METHODS AND MATERIALS  . . . . . . .  12
RES U L T S ................................................  19
G e n e r a l ................................. - 19
Monthly Floristic Composition .................  27
Synopsis of S p e c i e s ............................   42
"Red W a t e r " .......................................  67
D I S C U S S I O N .............................................   70
A P P E N D I C E S .........................................   , - 92
LITERATURE C I T E D .....................................  97
PLATES
VITA
iv
LIST OF TABLES
Table Page
1. Occurrence of major species, September 5,
1966 through April 1967 ..................... - 22
2. Occurrence of major species, May 1967
through November 14, 1967 ...............  23
v
LIST OF FIGURES
Figure Page
1. Lower Chesapeake Bay system, showing York River
VIMS, and other collection areas .................... 13
2. Lower York River, showing VIMS and other collection
areas . . . . .......................................  14
3. Surface temperatures recorded during the study . r 25
4. Surface salinities recorded during the study . . .  26
5. Number of species present on each collection date 75
6. Temperature ranges of the major species collected
during the s t u d y .....................................  80
7. Salinity ranges of the major species collected
during the s t u d y ................................... 83
vi
LIST OF PLATES
Plate
I. Desmophyceae, Dinophysales, and unarmored Peridiniales
II. Unarmored Peridiniales.
III. Diplopsalis and Glenodinium.
IV. Gonyaulax.
V. Peridinium.
VI. Peridinium.
VII. Peridinium.
VIII. Peridinium and Ceratium.
IX. Ceratium.
vii
ABSTRACT
Surface plankton samples were collected weekly over a 14-month 
period from the York River at Gloucester Point, Virginia. All dino- 
flagellates collected were identified to the species level when possible, 
and the relative abundance of each form was noted. The local dinoflagel- 
late flora was examined with attention being given to environmental fac­
tors which might influence its composition. Special emphasis was placed 
on "red water" blooms.
One hundred eighteen separable forms, representing 20 genera of 
Pyrrhophyta, were collected. Of these, 84 were identified to the species 
level with reasonable certainty. Five of the 118 belonged to the class 
Desmophyceae, the remainder to the class Dinophyceae. In general, thecate 
Dinophyceae dominated the dinoflagellate flora, except during warmer 
months when blooms of certain unarmored species occurred. Of the 84 iden­
tified species, 43 had not been recorded previously from Chesapeake Bay. 
Fifty-four species were considered major components of the dinoflagellate 
flora.
Species occurrence exhibited definite seasonality. Five major 
floras were recognized: ubiquitous or "year round"; "winter" or cold
water; "summer" or warm water; and "spring" and "fall", periods of 
temperature transition.
Most species were found within moderately restricted temperature 
and salinity ranges. These species occurred in the plankton only when 
their requirements for both factors were satisfied. Temperature alone 
appeared to be limiting for many "summer" species, including most red 
water forms. Salinity alone had little correlation with dinoflagellate 
occurrence.
Eight species were dominant in "red water" blooms during the 
sampling period. Major bloom components were usually accompanied by 
lesser numbers of other species. Blooms in the York River occurred 
during summer months when water temperature and salinity were high, 
although Peridinium triquetrum produced "red water" in the nearby James 
River in April. Temperature appeared most important in initiating 
blooms, with windless weather and stable water important in formation 
and maintenence of discolored water.
The seasonal distribution of the 54 major species is discussed, 
and illustrations of each are provided.
SEASONAL DISTRIBUTION OF DINOFLAGELLATES 
IN THE LOWER YORK RIVER, VIRGINIA
INTRODUCTION
Dinoflagellates are microscopic flagellated protists, classified 
by botanists as algae and by zoologists as protozoans. They are 
placed in the division Pyrrhophyta (Pascher 1914) by botanical workers, 
and are distinguished from all other flagellated algae by three primary 
characteristics: the presence at some time in the life cycle of two
unlike flagella, differing in structure, orientation, and action (Smith 
1955); the possession of a nucleus in which the chromosomes remain in 
a condensed metaphase-like condition throughout the life of the cell 
(Pitelka 1963); and the presence, in photosynthetic forms, of certain 
unique xanthophyll pigments (Strain, Manning, and Harding 1944, Loe- 
blich and Smith 1968).
Most pyrrhophytes are free-living unicells, although others 
exist as non-motile forms, as ecto- and endoparasites (Chatton 1952, 
Lawler 1966), or as symbionts of marine organisms (zooxanthellae) (ZaWL 
and McLaughlin 1959). Modes of nutrition are also varied within the 
division, some dinoflagellates being holophytic, others holozoic, para­
sitic, or saprophytic (Loeblich 1966). The division is well- 
represented in fresh and marine waters, and comprises a major portion 
of the marine phytoplankton, Dinoflagellates are commonly considered 
second only to diatoms as contributors to primary productivity, and 
at times, particularly in warmer areas and in estuaries, they are of 
greater importance (Ryther 1955). This probably remains true even
2
3though some recent work has indicated that small algal flagellates 
such as coccolithophores are also important as primary producers (Wood 
1954). Dinoflagellates may be second only to diatoms as a food source 
for certain plankton feeders, e.g., tintinnid ciliates (Needier 1949), 
mollusks (Sommer et al. 1937), copepods (Petipa 1964, 1965), and cer­
tain fish (Lursinap 1964).
Dinoflagellates attract the attention of biologists because of 
their role in "red tide" or "red water". Some species produce a toxic 
compound that may result in mass mortality of fish and shellfish during 
bloom periods (Hutner and McLaughlin 1958). Certain dinoflagellates are 
the causative agents of paralytic shellfish poisoning, a problem in 
California and along the Canadian Atlantic coast (Sommer et al. 1937, 
Needier 1949).
Some workers have proposed that dinoflagellates, because of 
their sensitivity to environmental conditions, could be used extensively 
as indicators of water mass type and movement (Allen 1941, Graham 1942,
Wood 1954). Wood (1965) wrote that the dinoflagellates provide the 
"most useful series of indicator species of any protoplankton." Be­
cause of their sensitivity to temperature (Wood 1954), dinoflagellates 
might also serve as indicators of thermal pollution such as cooling 
water discharge from nuclear power plants.
Despite such potential usefulness, and despite their importance 
to the marine ecosystem, dinoflagellates have been sporadically studied 
in comparison with diatoms. In particular, there are many gaps in the 
known distribution, and of factors affecting the distribution, of a 
majority of the described species. Many areas of the world ocean, 
especially estuaries, have not been adequately sampled. In 1921, Kofoid
4and Swezy wrote that "no formulation of the laws which undoubtedly 
govern their distribution can be attempted at the present time, owing 
to an utter lack of anything like adequate records of the occurrence 
of this group, that is, adequate from a systematic, distributional, or 
seasonal standpoint." Although much work has been done in -the inter­
vening years (Lebour 1925, Schiller 1933, 1937, and Wood 1954), a 
great deal remains. Bursa (1959) remarked that it was difficult to 
draw any conclusions about the distribution of many species, as "vast 
areas of marine waters are still not investigated."
Chesapeake Bay, a large estuary of great economic importance, is 
no exception to this statement of Bursa’s; its dinoflagellate flora is 
virtually unknown. Most recent studies of Chesapeake Bay phytoplankton 
have concentrated on diatoms, and except for a few commoner forms, 
dinoflagellates were given little consideration and were listed under 
generic names only. Due to the cosmopolitan distribution of most dino- 
flagellate genera, this latter practice conveys little information to 
a worker concerned with the ecological and geographic limits of various 
species.
Ideally, ecological studies involving organisms as variable and 
as poorly known as dinoflagellates should perhaps be broader in approach. 
Not only should collections be made at frequent intervals over a year’s 
span of time, but these collections should be examined unpreserved so 
that delicate unarmored forms, usually destroyed or distorted by con­
ventional methods of plankton preservation, are included (Wood 1963a, 
Steidinger, Davis, and Williams 1967). The organisms should be identi­
fied to the species level when possible, and separate forms should not 
be grouped under a blanket designation. Most especially, illustrations
5should be provided so if any forms are misidentified they might be 
correctly named by a later worker. This would eliminate one source of 
the confusion surrounding the distribution records of many species.
The present study is an attempt to collect and identify the 
planktonic dinoflagellates of the lower York River, Virginia. Samples 
were collected weekly over a 15-month period, all dinoflagellates iden­
tified to the species level when possible, and the relative abundance 
of these forms noted throughout the study period. In addition, atten­
tion was given to environmental factors possibly responsible for 
observed changes in the floral composition. Emphasis was placed on 
the composition of "red water" blooms, their duration, and environ­
mental factors affecting them.
REVIEW OF REIATED LITERATURE
Although dinoflagellates as a whole have been greatly neglected 
by investigators of marine phytoplankton, the oceanic forms have re­
ceived more attention than the estuarine and near-shore species.
Little is known about the ecology of the latter pyrrhophytes; their 
systematics have also been largely disregarded, and distribution re­
cords for many important estuarine forms are lacking completely. This 
is particularly true of the estuaries and near-shore waters of the 
east coast of North America.
The earliest publication on North American dinoflagellates is 
apparently that of Calkins (1902). He collected and described ten 
species of dinoflagellates from Woods Hole harbor, including several 
which had previously been known only from Europe. Wright (1907) listed 
some 21 species from Nova Scotian waters. Bigelow (1926) recorded ten 
species from the Gulf of Maine, and also described in detail the fluc­
tuations in abundance of various Ceratium species in relation to the 
seasonal phytoplankton cycle in those waters. Herdman (1924), as an 
additional note to her account of psammophilic dinoflagellates on the 
Isle of Man, reported the collection of 14 species and forms of dino- 
flagellates from the beach sand at Woods Hole, Massachusetts. Many of 
these forms were identical to those found to Port Erin, Isle of Man. 
Martin (1929a) described three new dinoflagellate species from Barnegat 
Bay, New Jersey, and in the same year Martin and Nelson (1929) reported 
and described a red water bloom in that estuary. One of the most
6
important publications on the estuarine dinoflagellate flora of North 
America was that of Martin (1929b) wherein he described and illustrated 
41 species from Barnegat Bay, as well as recording various observations 
of their ecology. Because of this correlation of systematic, ecological, 
and illustrative material, his study still remains one of the most use­
ful references available for this region.
At about this time, the Chesapeake Bay plankton was investigated 
by Wolfe and Cunningham (1926). Although they included only 12 dino- 
flagellate species in their list of microplankton, and grouped all 
other forms under the general heading "Peridinidae", their work does 
include some information on the distribution and relative abundance of 
certain pyrrhophyte species. They recognized two primary periods of 
high phytoplankton population, spring and fall. Cowles’ (1930) study 
of the waters offshore of Chesapeake Bay included dinoflagellates in a 
short section on protozoa. Cowle used Wolfe and Cunningham’s collec­
tions as a basis for his study, and generally agreed with their con­
clusions regarding phytoplankton distribution in space and time. He 
included a biogeographic analysis of the Chesapeake Bay diatoms, but 
not of the dinoflagellates.
Phytoplankton of the Gulf of Maine and Bay of Fundy waters was 
exhaustively studied by Gran and Braarud (1935). The distribution, 
both seasonal and spatial, of plankters was correlated with hydrographic 
conditions (salinity, temperature, and current), nutrient and oxygen 
concentrations, and light levels. This work was of taxonomic importance 
as well, for Gran and Braarud not only included a species-by-species 
description of all diatoms and dinoflagellates collected, but also 
illustrated and described 10 new species of phytoplankton from this
8area (one diatom, seven dinoflagellates, and two coccolithophores). In 
all, 57 dinoflagellate species were identified from the study area. In 
the Gulf, a spring diatom flora was succeeded by a summer dinoflagellate 
flora in offshore waters, and by a neritic diatom population along the 
coast. In the Bay of Fundy the August plankton was dominated by four 
"societies" in different areas. The authors concluded that the phyto­
plankton of the study area had many similarities in composition and 
biogeographic affinities to that of the Norwegian coast. Five years 
later, Bigelow, Lillick and Sears (1940) found spring and late summer- 
early fall peaks of abundance in the Gulf of Maine and related this 
cycle to seasonal changes in nutrient levels and other environmental 
conditions. Lillick (1940) concentrated on the qualitative composition 
of the diatom, dinoflagellate, and phytoflagellate flora, and considered 
community structure, distribution, and succession in the Gulf of Maine 
for a two-year period. Seventy-four dinoflagellate species were re­
corded, as well as others not identified beyond the generic level.
Lillick agreed with the conclusions of Gran and Braarud (1935) re the 
biogeographic affinities of the Maine phytoplankton.
The distribution of Ceratium species in Newfoundland waters was 
found to reflect the hydrographic conditions present, particularly the 
temperature and water mass origin. Thus they provided a valuable set 
of indicators for local water conditions (Frost 1938).
Lillick (1937) found the distribution and seasonal abundance 
of phytoplankton in waters off Woods Hole, Massachusetts, to be cor­
related with the seasonal availability of nutrients (nitrates and 
phosphates) and the annual temperature cycle. She found dinoflagellates 
more abundant in the summer and fall, but never more so than the diatoms.
9Some 28 species of dinoflagellates are included in her species list, 
as well as some forms that were unidentified.
Two years' observations of seasonal plankton variations at the 
mouth of the Patuxent River, Maryland, were summarized by Morse (1947).
She related phytoplankton occurrence to the four hydrographic seasons 
of Chesapeake Bay: autumn, winter, spring, and summer. Morse recog­
nized autumnal and vernal maxima of diatoms, and a summer-early fall 
maximum of dinoflagellates. Thirty-six species of dinoflagellates, 
and several identified only to genus, were reported. Of these, only 
three were major members of the phytoplankton community.
Conover (1954) observed "red water" in the New Haven, Connecti­
cut, harbor during the summers of 1952 and 1953. Two species of 
Gonyaulax were identified as the causative organisms of these blooms, 
which originated in stable water masses of inner harbor origin. In a 
two-year study of Long Island Sound phytoplankton, Conover (1956) 
found that diatoms dominated at all times save in summer, when dino- 
flagellates and other flagellates largely replaced them. Of the 27 
pyrrhophyte species recorded, five were considered major members of the 
plankton. The list of taxa was annotated, but no illustrations were 
provided.
The systematics of American dinoflagellates were greatly ad­
vanced by Hulbert (1957) who collected and described 26 species of 
unarmored Pyrrhophyta from shallow embayments on the South Shore of 
Cape Cod. Of these, 12 were new species and 9 others showed an exten­
sion of range from Europe.
Griffith (1961) in her illustrated guide to Chesapeake Bay phy­
toplankton, included a discussion of 11 pyrrhophyte genera. In addition,
10
she provided a synopsis of distribution records for 79 species in 
Chesapeake and Delaware Bays.
In 1962 Brunei published his excellent monograph on the phyto­
plankton of the Bay of Chaleurs, between New Brunswick and Quebec. In 
it he considered the distribution, ecology, morphology, and taxonomy 
of the diatoms and dinoflagellates of that area, and included numerous 
photomicrographs of each species. Fifteen species of dinoflagellates 
were described and illustrated.
Since 1963 a number of studies have considered the phytoplankton, 
or the dinoflagellates only, of east coast estuaries and near-shore 
waters. Patten, Mulford, and Warinner (1963) described an annual phy­
toplankton cycle in the lower Chesapeake Bay, and attempted to correlate 
periods of population maxima during the year, with diatoms generally 
more important in winter and flagellates during warm months and late 
autumn. Thirty-three dinoflagellate taxa were recorded from surface 
collections. Mulford (1963) discussed the distribution of Ceratia in 
the tidal and off-shore waters of Virginia. Of the 13 species encount­
ered, four were new to lower bay records. The genus as a whole became 
increasingly more important in the plankton proceeding from the upper 
estuary to offshore waters. Marshall (1966) listed six dinoflagellates 
from a 140-mile transect up Chesapeake Bay, these being only the most 
numerous species collected. In a study of Long Island Sound, Riley and 
Conover (1967) recognized a fall and spring diatom peak, and smaller 
May-June flowerings in which diatoms and dinoflagellates showed varying 
degrees of dominance. An annotated list of taxa included 39 pyrrhophyte
ur»
species, as well as several identified forms belonging to five genera.
A
Marshall (1967) recorded 19 dinoflagellate species over a 16-month
11
period from the Hampton Roads-Willoughby Bay area. He found diatoms 
to be the major phytoplankters in winter and early spring, while 
summer and late fall populations were composed of diatoms and large 
numbers of flagellates. Mountford (1967) recorded 26 species of dino- 
flagellates between May and December 1966 in Barnegat Bay. He found 
the dinoflagellate population to be most diverse in October. Evidence 
existed for intrusion of oceanic species into the bay during flagellate 
blooms offshore.
Relatively few studies of phytoplankton, particularly those 
concerned with dinoflagellate ecology and distribution, meet the ideal 
criteria as proposed earlier. Those that do are Martin (1929b), Gran 
and Braarud (1935), and Brunei (1962). (This does not consider the 
strictly taxonomic works such as Martin (1929a), Calkins (1902), and 
Hulbert (1957), as these studies were not concerned with ecology.) Of 
the three investigations which do meet the proposed ideal criteria, 
none involve Chesapeake Bay. Considering the vast economic importance 
of that estuary, that is a serious omission in the literature.
METHODS AND MATERIALS
Surface plankton samples were collected weekly from September 
7, 1966, through November 14, 1967, from the York River at Gloucester 
Point, Virginia (Fig. 1 and 2). Collections were made from the end of 
the Virginia Institute of Marine Science (VIMS) tide gauge pier, which 
extends 100 meters into the river. Water depth at the end of this 
pier, at mean high water, is approximately 4 meters.
At first, surface water was collected with a plastic bucket and 
poured through a number 25 plankton net (0.064 mm mesh). After December 
9, 1966, a number 20 plankton tow net (0.076 mm mesh) was used due to 
its ease of handling in cold water. The tow net was pulled very slowly 
so as to avoid damage to delicate athecate species. The majority of 
samples were taken at or near the period of high tide. Usually one 
sample per week was examined, although additional collections were made 
if more material was needed. In several instances collections were 
made at other areas of the York River, or in near-by creeks. During 
periods of "red water", samples were taken every day such blooms were 
visible. Additional samples of "red water" from other York River lo­
cations were supplied by persons employed at VIMS and by local citizens.
Salinity and temperature data for collection days were obtained 
from the Environmental Physiology Department at VIMS. Surface temp­
erature was taken with a Celcius stem thermometer. Salinity samples 
were collected for later determination by use of a conductivity salino-
meter (model RS-7A, Industrial Instruments Corporation).
12
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Figure 1. Lower Chesapeake Bay system, showing York River, VIMS, and 
other collection areas.
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Figure 2. Lower York River, showing VIMS and other collection areas. 
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After collection, the plankton net was washed from the outside 
with membrane-filtered sea water (0.45 /i HA Millipore filter, Millipore 
Filter Corporation) to flush all organisms into the collection jar.
The jar was then set aside for about 20 to 25 minutes to allow the con­
tents to reach room temperature and to allow suspended material to 
settle. Material to be examined was transferred to a slide by means 
of a micropipette, and examined under the scanning lens (50X) of the 
microscope. If the sample contained dinoflagellates a cover slip was 
applied and the slide examined with the low power objective (100X). In 
every case non-thecate forms were dealt with first because of their 
fragility and tendency to lyse when subjected to the intense microscope 
illumination for more than a few minutes. Measurements of length and 
breadth, and notation of color were made under low magnification, and 
then as detailed a drawing as possible was made at 430X or 970X magni­
fication. If the specimen was active and difficult to observe, some of 
the water was blotted from under the cover slip until movement was re­
stricted sufficiently to allow observation and illustration. Any 
addition of chemicals to slow down or kill these naked dinoflagellates 
resulted in their immediate distortion or lysis. The procedure for ar­
mored forms was somewhat different. If the cell was inactive (and the 
thecate species were rarely as active as the athecate forms) it was 
measured and color noted. It was then examined under high power to a- 
certain plate structure and arrangement and a drawing was made. The 
cover slip was manipulated so as to move the specimen into various as­
pects. Proper orientation was quite important so that the thecal 
structures could be observed and drawn without distortion caused by 
foreshortening, etc. (Steidinger et al. 1967). If the specimen’s move-
ment made observation difficult, it was killed with a small drop of 
40% formalin placed under the cover slip. In the colorless and trans­
lucent species the above procedure was generally sufficient; however, 
forms with dark pigmentation and those with fine thecal sutures re­
quired special treatment and often staining. A 10%, solution of sodium 
hypochlorite was applied under the cover glass. This killed the speci­
men and expanded the sutures between the thecal plates. In many cases 
the application of sodium hypochlorite caused the cell to separate at 
the girdle, releasing the protoplast. The resulting epi- and hypothecae 
were easily examined. However, too strong a solution often caused all 
the plates to break apart, making analysis of their original arrange­
ment nearly impossible. If further delineation of the plates was needed, 
the hypochlorite-treated cells were stained with a sea-water solution of 
trypan blue, applied under the cover slip: this stains the plates light
blue, the sutures dark blue. If the presence of the protoplast within 
the cell still hampered elucidation of the thecal structure, the cover 
slip was pressed firmly with the point of a pencil. This usually rup­
tured the cell at the girdle or apex, expressing the cell contents.
Relative abundance was determined by counting representative 
fields of a homogenous aliquot of the plankton sample. The counts were 
made at 100X magnification. There was no predetermined number of fields 
or aliquots examined; rather, counting was continued until at least 50 
cells of the most numerous species had been recorded. This species was 
considered the dominant form and other species were arranged in order 
of secondary and tertiary importance. If two species were present in 
about equal numbers (+ 10%), each was given the same rank. Forms pre­
sent, but which were not numerous (less than 25 cells recorded), were
17
not numerically ranked.
After the living material that either settled naturally from the 
sample or collected at the surface had been examined, the collection 
was preserved by the addition of 407> formalin to make a 57o sea water 
solution. Examination of this killed material would occasionally bring 
to light species missed in the living sample. However, the addition 
of preservative destroyed any unarmored forms present in the sample.
Only collections of an important nature or those containing a wide 
variety of species were retained intact. The others were discarded 
after specimens of each of the various species were transferred into 
separate small vials, each containing a drop or two of 5% sea-water 
formalin with a drop of glycerin added to prevent evaporation. These 
specimens proved useful as reference material, as they could be re­
moved from and returned to their respective vials by micropipette.
Some specimens, chiefly of the genus Ceratium, were made into refer­
ence slides. A non-resinous, aqueous-base material, CMC-10 (General 
Biological Supply House, Inc.), was used as a mounting medium. This 
gave a clear preparation, and had the added advantage of allowing speci­
mens to be mounted directly from the sea-water formalin/glycerin pre­
servative. Living material from unpreserved collections could also be 
mounted directly into CMC-10.
Identifications were made primarily from the resulting illus­
trations and notes with reference to preserved material and slides when 
necessary. In lieu of a more exact and up-to-date system of taxonomy, 
the traditional criteria were employed in identification of the Glouces­
ter Point material. Though actual identification of a majority of the 
species was possible if sufficient material could be observed, there is
18
no assurance that all of these species are valid. In cases where exact 
identification could not be made, species were numbered and listed under 
their generic names only (e.g., Peridinium sp. 1, Peridinium sp. 2, etc.).
The classification employed is botanical, and is modified from 
that of Parke and Dixon (1964).
When seasons (e.g., winter, fall) are mentioned in the following 
sections, reference is usually to the astronomical seasons. Occasional­
ly the terms are used in a looser sense, e.g., "winter" to mean the 
coldest months of the year.
RESULTS
General
Floristic:
The confusion surrounding dinoflagellate taxonomy is a hind­
rance to any investigation of their distribution and ecology. In part 
this is due to incomplete or contradictory records, resulting from in­
correct or inaccurate observation. In addition, the literature con­
tains descriptions based on distorted specimens or upon too few specimens 
and descriptions published without proper illustrations or even with no 
illustrations at all. Thus there probably exists a great deal of syn- 
onomy and homonymy within the various taxa. Many genera, families, 
and even higher taxa are in need of complete revision.
Also, a large part of the taxonomic problem centers around the 
variability of Pyrrhophyta, their great tendency toward pleomorphism.
The lack of sexual reproduction in most dinoflagellate species leads 
to this characteristic, as mutations and chance variations arising during 
fission are perpetuated through many generations. Many species also ex­
hibit morphological changes in response to stress or to changing environ­
mental conditions. Ostenfeld (1931) found that Ceratium platycorne, 
a distinctive tropical species with widely expanded horns, intergrades 
as one progresses northward into cooler water into a form with cylind­
rical horns that was previously described as JC. compressum. Stressful 
conditions often produce variability; this is frequently observed in
19
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culture. Kimball and Wood (1965) described a dinoflagellate that in 
culture produced forms that, variously, possessed the characteristics 
of two genera, Gymnodinium and Gyrodinium. Other dinoflagellates, 
particularly fresh-water forms, are polymorphic, with the alternation 
of unlike generations that may have the form of several different genera 
or even families of Pyrrophyta (Entz 1926). Such variability poses many 
systematic problems, not the least of which is the very validity of the 
classic species concept when dealing with organisms such as these.
The taxonomic problems thus created have been noted by investi­
gators since the turn of the century (Kofoid 1906, Bohm 1931). In 
recent years, some improvement has been made in the situation. Expanded 
study of dinoflagellate distribution has led to the recognition of 
species intergradation between many forms previously thought separate 
(Hulbert 1965, Sournia 1967). Culture studies, at least of those forms 
amenable to culture, show promise in delimiting variation and observing 
possible life cycles, particularly those of the unarmored Pyrrhophyta 
(Bursa 1963, Kimball and Wood 1965). The use of electron microscopy 
(Dodge 1965) has many possibilities, both in achieving a better under­
standing of morphology previously observed with the light microscope, 
and in possibly discovering ultrastructural criteria for precise syste­
matic work. Balech (1949, 1951, 1959) stated that the arrangement of 
the small thecal plates in the sulcal area of dinoflagellates, a portion 
of the cell wall previously ignored by most workers, has much promise 
in clarifying certain species and variety relationships.
Steidinger (1966) discussed many of these problems and summed 
up the present state of the dinoflagellate taxonomy: "the taxonomy of
Dinoflagellates (Dinophyceae) will be uncertain until; 1) variability
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of each species is explored and recorded, 2) universal taxonomic cri­
teria are•accepted, and 3) previously described species are re-evaluated 
for synonomy and homonymy.11 She further stated that .the majority of 
researchers do not have the time for electron microscopy or artificial 
culture when handling large quantities of field collections on a routine 
basis. Therefore their identification of dinoflagellates must remain 
dependent upon morphological features resolved by the light microscope.
Using classical criteria to identify material, I identified 118 
species and varieties of dinoflagellates during the present study. These 
represented 20 genera of Pyrrhophyta. Of the 118 separable forms, 84 
were identified to species with reasonable certainty. Four of the total 
belong to the class Desmophyceae, the remainder (113) to the class 
Dinophyceae. Of the latter, five are in the order Dinophysales and 109 
in the order Peridinales (47 of these are unarmored forms, the remainder 
thecate). Forty-three species had not previously been recorded from 
Chesapeake Bay (Appendix.!). In general, throughout most of the year 
the armored species dominated the dinoflagellate flora both in numbers 
and in diversity of species found on any one date. The exception was 
during the summer months, when extensive "red water" blooms of certain 
unarmored species occurred. Fifty-four species occurred frequently 
enough or in sufficient numbers to be considered major floral components. 
These forms are discussed individually in the "Synopsis of Species" 
section following. The information on distribution in time of the 54 
major species is summarized in Table 1 and 2. Species which occurred 
in highest numbers are indicated with a "1", those in a secondary posi­
tion, with a "2” , etc. Those not in a position of dominance (as ex­
plained in Methods and Materials) are indicated with an "x". A complete
TABLE 1
OCCURRENCE OF MAJOR SPECIES, SEPTEMBER 5, 1966 THROUGH APRIL, 19670 
(Primary, secondary, or tertiary importance indicated by 1, 2, or 3)
SPECIES COLLECT1OH SATES
3
B C P O K K K K K M M M g
rl  tS H M N H N  N f* CM r* *+ «M
Prorocentrum mlcans X X X X 1 1 2 1 1 1 2  1 1 1 1 1 1 1 1 1 1 1 1 2 1 2
Prorocentrum minumua X X 3 X X X  X X X  X X
Prorocentrum re d fle ld l 5
Eruviells lima
Dinophysis caudata X X 2 3 X X 3 X X
Dinophvsis acuminata
Amohidinium sphenoidea X X X X X %  X
Gvonodinium simplex X X X X
Gvnmodinium eolendena X
Gvrodinium pinflue X
Katodinium glaucum X X X  X X
Katodinium rotunaatum X X 2> X X
Cochiodinium heterolobatua
Noctiluca sc in tillana x x x x x x x x X X
Polykrikos kofoldi X X X X X X t X X
Nematodinium ansaturn
Wamovia parvm X X
Glenodinium follaeetna
Glenodinium sp.  3
Diplo'psalis len ticu la X X X X  1 1 X 1 X 3 3 2 2 3 1  X
£. minor
Dinlopsalis orbicularis X X X X X X X X
Diplopsalis rotundata X X 1 X 1 1 1 X 3 3 1 1 3  X X
Peridinium achrooaticu® X 2 X
Peridinium claudicans X X X 2 X X  X
Peridinium conicum X 3 2 X X  X X
Peridinium curtipes X 3 1 2 2 3 2 X X X X  X X
Peridinium deficlens X X X
Peridinium depressum X X 3 2 3 3 3 X X X X X 3 X
Peridinium excentricua X X 3 1 X X X
Peridinium marielebourae X X 3 X 2 3 3 2 3 2 3 2 X X I  X X X X X  X X  X X
Peridinium obloneum "A" X X X X X  X X
Peridinium obloneum "IF' X X X 3 2 3 X X X X X
Peridinium pellucidua X X X X X  X
Peridinium pentagonum X X X X 3 X X X  X
Peridinium penta^onum v. X X 2 1 1 1 1 1 1 1 2 3 1 X X
Iati8simum
Peridinium perbreve X X X
Peridinium quinquecoroe 2 X
Peridinium subinenoe X X X 3 X X 3 X X 3 X X X X 3 X X 1 2  1 1 1Peridinium Criquetrum X 2 X X 3 2 1 2 2 X 3 2  3 3 2 2  X
Peridinium trochoideum 1
Peridinium sp. 1 X X X X X XPeridinium sp. 8 X
Gonyaulax dlacantha x
Gonyaulax diegensls* X X X 2 1 2 X X X
d ig ita le
Gonyaulax monilata 1 1 1 X
Gonyaulax monocantha
Gonyaulax polyedra
Gonyaulax spinifera X X X X X X XCeratium bucephalinq
Ceratium furca X X X X X 3 2 3 X 1 2 3 2 2 2 5 3 1
Ceratium fusus X X XCeratium lineatum
Ceratium lonj^ipes X 3 X
Ceratium macroceros 3
Ceratium tripos X
X X 2 3
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TABLE 2
OCCURRENCE OF MAJOR SPECIES, MAY 1967 THROUGH NOVEMBER 14, 1967,
SPECIES COLLECTION DATES
VD
> > >  >  >
> > > > >
K K K K K
< ^ r 4 N ^ H « n o N < } H o o i n H t o i n N O M n N « « n O N 4 ^ N < t
*-< r-t <S <n •-< CN CN ft r-l <N H  N  IN H  H  N  H  H  M  f) r-t
Prorocentrum mlcana 
Prorocentrum minumum 
Prorocentrum R e d fie ld i 
E xu v ie lla  lima 
Dinophvsis caudata 
Dinophysis acuminata 
Amphidinium sphenoidea 
Gymnodinium simplex 
Gymnodinium splendens 
Gvrodinium pingue 
Katodinium glaucum 
Katodinium rotundatmn 
Cochlodinium heterolobatum  
Noctiluca s c in t illa n s  
Polykrikos ko fo id i 
Nematodinium armatum 
Warnowia parva 
Glenodinium foliaceum  
Glenodinium sp. 3 
D ip lopsalis  le n t ic u la  £. 
minor
D ip lopsalis  o rb ic u la ris  
D ip lopsalis  rotundata  
Peridinium achromaticum 
Peridinium claudicans 
Peridinium conicum 
Peridinium curtipes  
Peridinium defic iens  
Peridinium depressum 
Peridinium excentricum  
Peridinium marielebourae| 
Peridinium oblongum "A " 
Peridinium oblongum "IF ' 
Peridinium pellucidum  
Peridinium pentagonum 
Peridinium pentagonum v .
latissimum  
Peridinium perbreve 
Peridinium qulnquecorne 
Peridinium subinerme 
Peridinium triquetrum  
Peridinium trochoideum 
Peridinium sp. 1 
Peridinium sp. 8 
Gonyaulax diacantha 
Gonyaulax diegensls-  . .
d ig ita le  
Gonyaulax monilata  
Gonyaulax monocantha 
Gonyaulax polyedra 
Gonyaulax sp in lfe ra  
Ceratium bucephalum 
Ceratium furca 
Ceratium fusus 
Ceratium llneatum  
Ceratium longipes 
Ceratium macroceros 
Ceratium trip o s
1 1 1 1 1 1 3 2 X 2 1 2 2 X X 3 2 X X X 3 X 3 X X X
X X 2 2 X X X X
X 3 2 X X X
X 4 X 3
X X
2 2 X
X 1 1 2 3 
X X
X X
X X
3 X X X X
X X X X
X X
X X 3 X X 3 3 X  
X X 
X X  X
X X I X
X 1 X X 3 3 X
X X  X X  X
X X X X 3 X X
2 X 2  X X X X
3 1 1 1 3  1 2  
X 3 X X X X X
X
X X X  
X X
X X X  X X  X
X X
X
X X X  X
X
X X X
3 2 2 X X X X 
X X  X
X X X X
X X X  X X  X X X X X X  X X I  3
1 X X
2 2 X
X
X X 
X X
X
X 2 X X
X X 
3 X 
X X X  
X 
X X 
X 2 X 
X X 
X 2 3
X X  X 2 X
X 3 1 3 3
X X X 1 1 1 X X  
X X X X X 3 3 X 3 3 X X 1
X X
X X X X X  
X X
X 1 1 X X X  1 2 X 3  1 X X 3 X
X X 
2
X 2 2 3 2 
3 1 I X  3 3 1 1 2 1 2 1 1 3 2 X
X X X
3 X X 3 X X X
X X X
X X X
X
X X X 3  1 X X 2 X 3 3  2 X 3 3 3 2 2 1 X Z
X X
2 2 X
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list of the 118 species encountered is included in Appendix I.
Salinity and Temperature:
In common with other temperate zone estuaries, the lower York 
River is characterized by a wide annual range of temperature (Fig. 3). 
During the study period temperatures ranged between the maximum of 
26.2 C (July 25, 1967) and the minimum of 1.0 C (December 27, 1966). 
Temperatures in September 1966 were high, and gradually diminished 
throughout the autumn months to a minimum in late December. Water 
temperatures remained quite low during January and February, never 
exceeding 5.5 C until the second week of March, when temperatures began 
to rise gradually. From early July through August temperatures were 
at a maximum, and only began to decrease after the first of September. 
Thus the year was characterized by two 8-week periods when water temp­
eratures remained virtually constant, separated by two 4-month periods 
of fluctuating temperatures.
During the period of study, salinities in the lower York River 
ranged between 24.24 °/oo (September 7, 19.66) and 15.94 °/oo (March 21, 
1967) (Fig. 4). Salinities were high at the beginning of September 
1966, gradually decreased throughout October, and rose again in Novem­
ber. The salinity from December through. February remained fairly con-, 
stant (over 20.00°/oo), with slight fluctuations. From the third week 
of February salinities dropped rapidly to a low in late March, rose 
again in April and May, and again dropped in early June. Throughout 
the remainder of June and during July salinities rose, peaking in mid- 
August. After this period, salinity dropped again and held relatively 
steady thereafter throughout the remainder of the study period. Salin-
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ities from September through November 1967 were considerably below 
those of the same months of 1966.
Monthly Floristic Composition 
Each month of the study period will be considered separately. 
General information on the plankton community as a whole is included 
for each of these months, as this could affect the composition of the 
dinoflagellate flora.
September. 1966:
During September, 1966, water temperatures gradually declined 
from 25.2 C to 20.7 C. Salinities also decreased, but less markedly, 
dropping from 24.24 °/oo to 23.32 °/oo.
The phytoplankton population of the lower York River was rich 
during September. It was dominated primarily by dinoflagellates and 
diatoms of the genus Chaetoceros.
September 1966 saw the last of the summer dinoflagellate blooms. 
On the 5th a bloom of Peridinium trochoideum and Prorocentrum redfieldi 
was collected from Sarah Creek, near VIMS. On September 7, a heavy 
bloom of Gonyaulax monilata was recorded; this highly bioluminescent 
organism remained prominent in the plankton until the end of the month, 
gradually diminishing in importance. On the same date (September 7), 
large numbers of a small armored form, Peridinium quinquecorne, produced 
a streak of ”red water” along the shore at Gloucester Point. This 
bloom continued through the week of September 14. With the waning of 
the bloom period, the first representatives of the varied dinoflagellate 
flora of autumn were collected. The much modified species Noctiluca 
scintillans appeared at this time, as did Dinophysis caudata, Peridinium
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curtipes, Peridiniam depressum, Peridinium pentagonum var. latissimum, 
and Ceratium furca. By the last week of September, this assemblage 
dominated the VIMS dinoflagellate plankton, all of the ”red water” 
species having disappeared.
October, 1966:
During this month water temperatures and salinities gradually 
decreased. Temperatures dropped from 19.3 C on October 4 to 17.1 C on 
October 25, while salinities declined from 22.5 °/oo to 20.35 °/oo be­
tween these same dates. October was also a month of several violent 
northeast storms.
The phytoplankton was rich and diverse at the beginning of 
October with numerous dinoflagellate species as well as heavy popula­
tions of the diatoms Coscinodiscus spp., Rhizosolenia spp., Ditylum sp., 
Bacillaria sp., and Nitzschia pungens var. atlantica. Severe storms 
in mid-month were followed by a temporary paucity of phytoplankton, 
which slowly regained its numbers and diversity. The last of October 
was characterized by a heavy bloom of rotifers (Synchaete sp.) and a 
diverse dinoflagellate population. Small phytoflagellates were also 
abundant.
As regards the dinoflagellate flora, October brought a continu­
ation of the trend initiated in September. Numerous species made their 
appearance, most of which persisted throughout the autumn months.
Among these were Prorocentrum micans, Katodinium glaucum, Polykrikos 
kofoidi, Peridinium claudicans, Peridinium conicum, Peridinium mariele- 
Jbourae, Peridinium oblongum, Peridinium pellucidum, Peridinium pentagonum
(the species, not the variety), Peridinium perbreve, and a Gonyaulax
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species which will be hereafter referred to as G. diegensis-digitale, 
as it has not yet been satisfactorily identified as ’either one or the' 
other of these two very similar species. All of the Peridinium species, 
as well as those of Katodinium and Polykrikos, are non-photosynthetic 
holozoic or saprophytic forms. P. perbreve was seen only in October, 
not being found in collections taken after October 28. After October 
the occurrence of D. caudata was sporadic and restricted to two col­
lections.
November, 1966:
In this month water temperatures declined rapidly, from 15.1 C 
to 10.5 C. Salinities, on the other hand, rose slightly from 21.09 °/oo 
to 23.22 °/oo.
The October rotifer bloom persisted into November, and the dino­
flagellate population remained diverse. Other zooplankters, such as 
the cladoceran Podon and various tintinnid species, began to increase 
in importance. By the second week of November, there were relatively 
few phytoplankters in the water, and rotifers and tintinnids were the 
dominant microplankton. The phytoplankton later increased in abundance, 
and during the third week of the month a good population of peridinids 
was present as well as diatoms of the genera Coscinodiscus, Chaetoceros 
(especially C. socialis), and Rhizosolenia. The end of November saw 
the phytoplankton dominated by diatoms, Chaetoceros socialis and Cos­
cinodiscus spp., as well as some N. pungens var. atlantica. There were 
relatively few dinoflagellates present in terms of numbers, but a wide 
variety of species was represented. The silicoflagellate Dictyocha 
fibula appeared in some numbers at this time. The most prominent zoo-
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plankters at the end of November were rotifers of two Synchaete species, 
present in moderate numbers.
There were few additions to the Gloucester Point pyrrhophyte 
flora during November, although Peridinium excentricum, Peridinium 
subinerme, and Peridinium triquetrum made their initial appearance in 
this month. The remainder of the local dinoflagellate flora were Sep­
tember and October species which persisted into November. The last 
week of November (and the first two weeks of December) brought dramatic 
changes in the dinoflagellate community. Many of the autumn species 
disappeared during this period, e.g., P. depressum, important during 
the preceding months, was not found in the plankton after the last week 
of November.
November as a whole saw the gradual increase in importance of 
]?. micans, which by the end of the month was the dominant dinoflagellate 
species. Other numerous species during this month were: .P. pentagonum
var. latissimum, P. claudicans, P. curtipes, P. depressum, P. mariele- 
bourae, P. excentricum, G. diegensis-digitale, and Ceratium furca.
December, 1966:
Water temperature continued to decrease in December, somewhat 
irregularly. From 10.5 C on November 29, it dropped to 7.5 C on Decem­
ber 6, rose again slightly to 9.0 C on December 9, and then decreased 
rapidly. During the last week of December water temperatures declined 
from 6.5 C to 1.0 C -- the latter being the minimum temperature recorded 
during the study period. Salinities decreased steadily throughout De­
cember, from 23.08 °/oo to 22.39 °/oo.
The dinoflagellate flora of the first week of December was poor 
both in numbers and in variety of species. The dominant phytoplankters
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at this time were diatoms, particularly N. pungens var. atlantica, 
followed b y socialis and other species of Chaetoceros, and Coscin- 
odiscus spp* There was a heavy bloom of rotifers (Synchaete spp.) 
during the first week of December, which decreased in intensity by mid­
month. The number of diatoms also decreased at this time; dominant 
forms for the last three weeks of December included those listed above, 
as well as Asterionella japonica.
As was mentioned previously, the first two weeks of December 
brought a radical change in the nature of the Gloucester Point dino­
flagellate flora. The only important newcomers were Amphidinium sphen- 
oides and Diplopsalis rotundata. In contrast, a great many of the 
autumnal assemblage disappeared from the plankton. Among these were:
N. scintillans, D. caudata, P. claudicans, I?, conicum, P. curtipes,
_P. excentricum, P. pellucidum, P. pentagonum, P. pentagonum var. latissi­
mum, and G. diegensis-digitale. In the case of P. pentagonum var. lat­
issimum the change is quite striking. This form was the dominant 
dinoflagellate species throughout most of October and November, and was 
the most common species on December 8. But by December 19, it had 
disappeared completely from the plankton.
In December, P.. mjcans., P.. triquetrum, P. subinerma, P. mariele- 
bourae, and C, furea were the most important dinoflagellates (in addition 
to P. pentagonum var. latissimum during the first two weeks of the 
month).
January, 1967:
The first month of 1967 was a period of steady low temperatures, 
averaging about 4.5 to 5.0 C, and of variable salinities. The latter
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decreased from 22.10 °/oo on the 3rd to a low of 19.79 °/oo on the 
17th, bat rose again to 21.33 °/oo on the last day of the month.
By the first of January the winter-spring diatom flowering 
was well established; N. pangens var. atlantica was the dominant 
phytoplankter at this time, with A. japonica of secondary importance.
The number of dinoflagellate species was low, as was dinoflagellate 
biomass relative to that of the diatoms. N. pungens var. atlantica 
remained prominent throughout the remainder of January, with numbers 
of Rhizosolenia spp. appearing by mid-month. The silicoflagellates 
fibula and Ebria tripartita were numerous toward the end of the 
month. Important zooplankters in January were rotifers of the genera 
Synchaete and Trichocerca, as well as various tintinnid species.
During this period there was little change in the dinoflagellate 
flora. Peridinium oblongum "B” made its appearance, as did Diplopsalis 
lenticula f. minor, and Prorocentrum minimum. These, along with D. 
rotundata, P. marielebourae, P. triquetrum, P. subinerme, _C. furea, and 
P. micans, were dominant species during the month of January.
February, 1967:
Water temperatures in February were slightly lower than during 
the preceding month, ranging from 3.0 C on the 28th to 4.5 C on the 
21st of the month. Salinities fluctuated little, the highest (22.25 °/oo) 
being recorded on February 21, the lowest (20.30 °/oo) occurring on the 
28th.
The dinoflagellate flora of early February was generally more 
diverse in numbers of species than that of January, but cell numbers 
were low in comparison with the heavy diatom population. The latter
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continued to be dominated by N. pungens var. atlantica, A. japonica, 
and Rhizosolenia spp. E. tripartita was also a common member of the 
phytoplankton at this time. By the end of February the zooplankton 
contained numerous copepod and barnacle nauplii, and the larvae of 
polychaetes and bryozoans.
The composition of the dinoflagellate flora remained much as in 
January. jP. micans was the dominant form, while £. minimum, P. oblongum 
"BM , P. triquetrum, P. subinerme, Diplopsalis lenticula f. minor, D. 
rotundata, and C. furca were also frequently encountered. A. sphenoides 
and P. kofoidi disappeared from the plankton, although the latter re­
appeared in May. The diatom flowering remained heavy throughout the 
month of February.
March, 1967:
Water temperatures in March began a slow increase (with some 
fluctuations), rising from 6.5 C on the 7th to 8.5 C on the 14th, then 
dropping slightly to 8.0 C by the end of the month. Salinities de­
creased from 20.30 °/oo on the 14th to 15,94 °/oo on the 21st of March, 
then rose again to 18.76 °/oo on the 28th.
The diatom bloom remained heavy throughout March, and continued 
to be dominated by N. pungens var. atlantica, A. japonica, and Rhizo­
solenia spp. E. tripartitia remained common as well. The numbers of 
dinoflagellates at this time was low, compared with diatoms, but a fair 
number of species were represented. Larvae of various organisms were 
the primary zooplankters.
The March dinoflagellate flora was virtually identical to that 
of February. The dominant species was jP. micans, followed by D. lenti-
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cala f. minor, D. rotundata, P. triquetrum, P. subinerme, and JC. furea. 
During this month, P. oblongum "B” decreased in importance, and its 
occurrence became sporadic.
April, 1967;
Water temperatures during April showed a gradual warming trend 
from April 4 (10.8 C) to April 18 (14.0 C), but dropped again slightly 
at the end of the month to 13.0 C. Salinities rose steadily in this 
same period, from a low of 17.55 °foo on April 4 to a high of 20.68 °/oo 
on April 25.
Early April phytoplankton continued to be dominated by diatoms, 
and dinoflagellate numbers remained low. During the middle of the 
second week of April the diatoms Guinardia flaccida and Pleurosigma sp. 
made their appearance. By the end of the second week, while N. pungens 
var. atlantica, A. japonica, and Rhizosolenia spp. were still the pre­
dominant phytoplankters, G. flaccida, Pleurosigma sp., Leptocylindricus 
danicus, and Coscinodiscus spp. were rapidly increasing in importance.
This signalled the end of the spring diatom bloom, for while the diatom, 
community was increasing in diversity, it was also decreasing rapidly 
in numbers. By the end of the third week of April the bloom was 
virtually over. By the end of the month dinoflagellates increased in 
importance in the phytoplankton. Rotifers (Synchaete spp.) and tintin- 
nids also became prominent at this time.
April saw marked changes in the dinoflagellate flora at Glouces­
ter Point. Two forms which had been prominent during the winter months,
•Q* lenticula f* minor and P. oblongum "B", disappeared from the plank­
ton. Other species, particularly C. furca, P. micans, P. subinerme, and
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D. rotundata, remained among the most numerous pyrrophytes. P. trique­
trum had a gap in its occurrence, being absent throughout most of April 
but reappearing in the last weeks. In the midweeks of April certain 
dinoflagellate species abruptly appeared in the plankton. Some of 
these, such as P. depressum and P. pentagonum v. latissimum, had been 
prominent in the fall. Others were newcomers, particularly members of 
the genus Ceratium (C. tripos, C. lineatum, C. longipes, C. macroceros, 
and C. fusus) as well as Gonyaulax diacantha and the unidentified 
Peridinium sp. 1.
May, 1967:
During May water temperatures continued to increase, rising from
o ,
15.0 C to 18.0 C. Salinities fluctuated somewhat, rising from 19.25 /oo 
on the 4th to 20.81 °/oo on the 9th, and then decreasing to a low of 
18.83 °/oo by the end of the month.
Dinoflagellates increased greatly in importance during May, 
while diatoms declined. The zooplankton population was also high, tin- 
tinnids, rotifers, copepods, cladocerans,.and various invertebrate 
larvae being most prominent.
In general, the May dinoflagellate flora was similar to that of 
April. However, although many of the important April species persisted 
through May, most of these were not numerous during the latter month.
Such species include D. rotundata, P. subinerme, and P. depressum, the 
latter disappearing from the plankton before the month*s end. Members 
of the genus Ceratium were prominent, a seventh species (£. bucephalum) 
being recorded during the second week of May. Another addition to the 
flora was Dinophysis acuminata, which soon became one of the more nu-
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merous species in the dinoflagellate community. During the last weeks 
of May two species appeared which in later months would become promi­
nent in the Gloucester Point plankton: Gymnodinium splendens and Peri­
dinium trochoideum. Other dominant species during the month were P. 
micans, P. minimum, P. kofoidi, G. diacantha, P. triquetrum, C. tripos, 
longipes, and C. bucephalum.
June, 1967:
June temperatures were generally quite high. During the first 
two weeks of the month temperatures rose to 24.0 C, dropped slightly 
to 22.5 C on June 20, then rose again to 24.0 C by the end of the month. 
Salinity gradually increased throughout this period, from a low of 
18.09 °/oo on the 6th to a high of 19.47 °/oo on the 27th.
Dinoflagellates were numerous in June, particularly in the latter 
part of the month when Mred water" occurred. Diatoms were not important 
at this time. Copepods, especially Acartia tonsa, were numerous during 
the first weeks. The end of the month saw a bloom of tintinnids as 
well.
The first weeks of June brought many changes in the VIMS plankton. 
Numerous species which had been important in the spring plankton dis­
appeared: C, tripos, C. lineatum, £. bucephalum, D. acuminata, P. sub­
inerme , P. triquetrum, and G. diacantha. New species appeared and 
reached a dominant position; these included Exuviella lima and Gyrodinium 
pingue. Other forms reappeared which had been prominent in earlier col­
lection, but absent during most of April and May: D. lenticula f. minor,
G. diegensis-digitale, and P. pentagonum var. latissimum. During the 
last two weeks of June, other newcomers were Gonyaulax monocantha, Coch-
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lodiniam heterolobatum, Nematodinium armatum, and Glenodinium sp. 3.
The latter species, along with P. trochoideum, G. splendens, P. kofoidi, 
and G. pinque, was the cause of "red water” on June 26 at Gloucester 
Point. Other prominent pyrrhophytes during June were P. micans and C. 
furca.
July, 1967:
Water temperatures remained high in July, and rose gradually from 
24.8 C on the 4th to a high of 26.2 C, the highest recorded during the 
study period, on the 25th of the month. Salinities increased somewhat 
toward the end of July, rising from 19.59 °/oo on the 4th to 20.72 °/oo 
on the 18th, dropping slightly to 20.35 °/oo on the 25th of the month.
The dinoflagellate population was very heavy during the first 
week of July, approaching but not quite reaching bloom conditions.
Numerous euglenoids were also present during this period. The abun­
dance of dinoflagellates declined greatly during the last three weeks, 
when tintinnids were the most numerous microplankters. The diatom 
Ditylum sp. was also common in the last week of July.
Many of the June dinoflagellates continued in a position of im­
portance through July, e.g., P. micans, P. trochoideum, and C. furca.
G. diegensis-digitale appeared in numbers during the second week, and 
rapidly reached a dominant position in the local plankton. P. penta­
gonum var. latissimum, P. minimum, and Glenodinium sp. 3 were present 
in some numbers during the last week of July. C. heterolobatum was 
recorded twice during the month. In general, July did not have the 
diversity of dinoflagellate species that was found in either June or 
August.
38
August, 1967;
August water temperatures were among the highest recorded during 
the study period. Temperatures at the beginning of the month were 
higher (25.8 C on the 1st) than the mid-month readings (24.8 C on the 
15th), but by the 29th they had risen again to 25.5 C. Salinities in 
August were the highest since December of 1966. They rose from 21.39 °/oo 
on the 1st to a peak of 22.98 °/oo on the 8th of the month, then de­
clined gradually to 20.65 °/oo on the 29th.
The first week of August brought a rapid increase in the number 
of dinoflagellates, culminating in extensive ’’red water” conditions 
throughout the remainder of the month. Several species of euglenoids 
increased in importance at this time, as did the diatom Skeletonema 
costatum. By the end of August diatoms of the genera Biddulphia, Cos- 
cinodiscus, Bacillaria, and Thallassosira, as well as j3. costatum be­
came more numerous, although dinoflagellates and small phytoflagellates 
remained the most important phytoplankton.
August was characterized by a dense and numerically abundant 
dinoflagellate flora. Dominants included species which had been im­
portant in preceding months (P. micans, G. pinque, G. diegensis-digitale,
I?, trochoideum, and JC. furca) as well as some which reached a dominant 
position in the plankton only after August 1 (£. heterolobatum, N. arma­
tum, and Glenodinium foliaceum). Glenodinium sp. 3, prominent in the 
first week's collection, disappeared completely from the plankton during 
August. ]?. claudicans appeared in mid-month, and rapidly became one of 
the more common species. During the weeks of August 8 and 15, there was 
a gap in the occurrence of certain species (P. marielebourae, P. penta­
gonum var. latissimum, and C. furca, among others), although these were
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common at the beginning and end of the month. This same two-week 
period was characterized by extensive "red water" blooms of Cochlo- 
diniam heterolobatum at Gloucester Point; these extended about 7 miles 
upriver to Claybank, Va. (Fig. 2). Red water first appeared on 
August 3rd, (3. heterolobatum and P. trochoideum being the major compon­
ents. Cochlodinium-Peridinium "red water" reappeared on the 7th, 8th, 
and 9th of the month, and then disappeared from the vicinity of VIMS. 
However, the bloom persisted upriver near Claybank, and reappeared at 
Gloucester Point on the 18th of August. During this same period, a 
near-shore bloom of G. foliaceum occurred, which appeared sporadically 
from August 16 through the 25th. (These "red water" blooms are treated 
more extensively later.)
September, 1967:
September was a month of gradually declining water temperatures 
from 24.0 C to 19.8 C. Salinities during this month decreased very 
slightly from 20.39 °/oo on the 5th to 19.91 °/oo on the 19th, and then 
rose again to 20.30 by the 26th.
The phytoplankton population during this month was rich, and 
composed of a wide variety of species. Dinoflagellates retained their 
dominance in the initial weeks, and "red water" occurred during the 
first week of September. As the month progressed, diatoms began in­
creasing in importance. S^. costatum remained the dominant species, with 
Thalassosira sp., A. japonica, Ditylum sp., and Chaetoceros spp. also 
present. The dinoflagellate flora remained rich and diverse throughout 
the month, although in the last two weeks of September the diatoms S>. 
costatum, Coscinodiscus spp. and Chaetoceros spp. were the most abundant 
phytoplankters.
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The September dinoflagellate flora had strong similarities to 
that of August, although P. micans was of relatively little importance 
(in contrast to August). G. diegensis-digitale and C. furca continued 
as dominant species. P. pellucidum was recorded for the first time on 
September 5; this species soon became one of the most abundant Glouces­
ter Point dinoflagellates. During mid-September, P. subinerme reappeared 
in the local plankton. Another newcomer was the as yet unidentified 
Peridinium sp. 8, which appeared on September 26 and later became an im­
portant member of the October dinoflagellate flora. C. heterolobatum 
was the cause of "red water” at Gloucester Point on September 5, but 
by September 19 had completely disappeared from the plankton. The last 
week of September was a period of great change in the dinoflagellate 
assemblage, with many important and numerous species disappearing from 
the plankton. These included P. minimum, G. splendens, G. pinque, P. 
kofoidi, N. armatum, P. trochoideum, and P. claudicans.
October, 1967;
In October 1967 water temperatures decreased steadily from a 
high of 20.0 C to a low of 15.8 C. Salinity rose very slightly from 
20.52 to 21.11 °/oo.
While the early October dinoflagellate flora was rather well- 
developed and diverse, diatoms generally dominated the phytoplankton.
The most important form was a species of Coscinodiscus, a bloom of which 
persisted until the third week of October. At that point the phyto­
plankton as a whole abruptly decreased in abundance, the major plankters 
being copepods, rotifers (Synchaete sp.) and tintinnids.
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Generally, the dinoflagellate flora of October was less well- 
developed than that of September, particularly during the last weeks 
of the month. At that time only a few pyrrhophyte species were numer­
ous, these being P. micans, G. diegensis-digitale, ]?. pentagonum and 
P. pentagonum var. latissimum, Peridinium sp. 8, P. pellucidum, and iC. 
furca. The last three species disappeared from the plankton before 
the end of the month.
November, 1967:
Water temperatures in November continued to decrease, falling 
from a high of 13.5 G on the 7th to a low of 12.0 C on the 14th. Sal­
inities were rather constant, averaging about 20.7 °/oo
Phytoplankton was quite sparse in November, in comparison with 
preceding months. The zooplankton was dominated by copepods, rotifers 
of the genus Synchaete, and tintinnids.
There was little more diversity in the November dinoflagellate 
community than had been present in late October. P. micans continued 
as a dominant species, as did I?, pentagonum var. latissimum, but G. 
diegensis-digitale and JP. pentagonum were no longer numerous. J?. mar- 
ielebourae was one of the more important species during the first two 
weeks of November. P. triquetrum reappeared in numbers on the 14th, the 
last day of the study period.
Synopsis of Species
The 54 most important dinoflagellate species are discussed below.
Class Desmophyceae:
Rather primitive dinoflagellates lacking a girdle and sulcus. Marine 
forms thecate; theca composed of two vertically oriented valves. Nutrition 
entirely holophytic.
Family Prorocentraceae
The five members of the Desmophyceae recorded during the present 
study belong to the family Prorocentraceae three to the genus Prorocentrum 
Ehrenberg and two to the genus Exuviella Cienowski. Of these species, four 
occurred with sufficient frequency to be included in the following synopsis.
Exuviella lima (Ehrenberg)
(PI. I, Fig. 5)
This dinoflagellate occurred with some frequency during the summer 
and early autumn months at Gloucester Point, where it was one of the more 
common pyrrhophytes during June, 1967.
Prorocentrum micans Ehrenberg 
(PI. I, Fig. 1)
This species was by far the most important member of the class in 
the Gloucester Point plankton. Throughout the 15-month study period, I?. 
micans was one of the dominant species present in a majority of the samples. 
It was of particular importance during the autumn, winter, and spring 
months, occurring in relatively lower concentrations in the summer.
Prorocentrum minimum (Pavillard)
(PI. I, Fig. 2)
The species here considered includes three varieties, not separated
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in collection records: P. minimum (Pavillard), JP. minimum var. triangulatum 
(MartirO!, and P. minimum v. mariae-lebouriae (Parke and Ballantine). Some 
confusion exists in the taxonomy of this species. ]?. minimum was described 
by Pavillard in 1916 as Exuviella minima, but because of its anterior spine, 
was placed in the genus Prorocentrum by Schiller (1933). The variety 
marie-lebouriae was originally identified and illustrated by Lebour (1925) 
as Exuviella apora Schiller. In 1957, Parke and Ballantine established 
that Lebour*s form from Plymouth was not, in fact, synonomous with Schiller*s 
species; they redescribed it as Exuviella marie-lebouriae. Martin 
originally described variety triangulatum from a red-water bloom in 
Barnegat Bay. Hulbert (1965) showed intergradations between these three 
"species", and thus he reduced the two newer taxa to varieties of Pavillard's 
1916 species.
P. minimum occurred over the entire span of the present investigation,
sporadically during the fall of 1966, more consistently thereafter. On
several occasions it was one of the dominant pyrrhophytes at VIMS.
Although the varieties were not separated in collection records, P. ,
minimum (Pavillard), rather than either of its two varieti.es / %eefted to 
— — — —  ^
be the most common form.
Prorocentrum redfieldi Bursa 
(PI. I, Fig. 3)
This species resemblas P. gracile Schutt, although generally somewhat 
smaller in size; the two species may be synonomous.
Z* re(3fieldi was recorded but once at Gloucester Point during the 
period of study, from a "red-water" bloom in Sarah Creek (near VIMS) on 
September 7, 1966. However, it was present in collections taken earlier, 
being the dominant dinoflagellate in a collection made at the mouth of the 
York River, September 27, 1963.
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Class Dinophyceae
These more advanced members of the Pyrrhophyta possess girdle and 
sulcus, at least during the zoospore stage. The theca, if present, is of 
three or more parts. Class widely distributed in marine and fresh waters. 
Dinophyceae may be holophytic, holozoic, saprophytic, symbiotic, or 
parasitic.
Order Dinophysales
Distinctive pyrrhophytes possessing a theca divided laterally into 
two halves, with the girdle far forward and the epicone reduced. Most 
forms have conspicuous, broadly-expanded lists along margins of girdle 
and sulcus. Nutrition may be holophytic or saprophytic.
Five members of this order were recorded during the present study, 
all belonging to the family Dinophysiaceae. Of these, two are included 
in the synopsis below.
Family Dinophysiaceae 
Dinophysis caudata Kent 
(PI. I, Fig. 4)
This was one of the most numerous species present in the fall of 
1966, particularly in September and October. On three occasions it was 
one of the dominant phytoplankters.
Dinophysis acuminata Claparede and Lachmann 
(PI. I, Fig. 8)
Some confusion exists over the taxonomy of this species. What is 
usually termed "D. acuminata11 may include three species: D. lachmanni,
Z* borealis, and D. skegi (Paulsen 1949). Brunei (1962) records two of 
these "acuminata forms" in his study, D. borealis and D. lachmanni.
However, Steidinger (personal communication, 1968) feels that these 
species are not valid, and represent variations within the species D.
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acuminata. The latter designation is used in the present study. However, 
if Paulsen's scheme were to be followed, the present species would be D. 
lachmanni.
This species was first recorded from the Gloucester Point plankton 
in May 1967, when it was one of the dominant dinoflagellates. It 
disappeard entirely by the end of May, however, and was not recorded 
again at VIMS until November, 1967.
Order Peridiniales
This order includes "typical®dinoflagellates, possessing girdle and 
sulcus at some time during their life cycle (during the zoospore stage in 
parasitic and symbiotic forms). Armored species possess a theca composed 
of a definite number of articulated plates (taxonomically important in 
most genera). Most dinoflagellate species belong to this widespread 
order, which includes all nutritional types. It includes 109 of the 118 
separable forms recorded during the study.
Family Gymnodiniaceae
Cell unarmored or with a thin flexible pellicle. Girdle and sulcus 
usually well developed in free-living forms. All nutritional types found. 
Unarmored forms usually predominate in warmer waters (Lebour 1925).
Of the 118 dinoflagellate forms recorded at Gloucester Point, 42 
belong in this family. However, only seven were frequent or numerous 
enough to warrant inclusion here. This family also included the largest 
group of unidentified species - 20.
Amphidinium sphenoides Wulff 
(PI. I, Fig. 6)
Recorded only from December 1966, and January and February 1967,
A. sphenoides was the only member of its genus commonly encountered.
It is a non-photosynthetic colorless species.
Gymnodinium simplex (Lohman)
(PI. I, Fig. 7)
Plankton collections often contained large numbers of very minute 
generalized gymnodinoid dinoflagellates difficult to characterize and 
identify. Many of these may represent zoospores of other dinoflagellates 
However, one form has been identified as Gymnodinium simplex by its 
possession of (usually) four greenish-yellow chloroplasts characteristic 
of that species. Never abundant enough to be considered a dominant,
£• simplex occurred with sufficient frequency throughout the year to 
warrant inclusion here.
Gymnodinium splendens Lebour 
(PI. II, Fig. 1)
Large, striking species quite similar to G. nelsoni Martin, from 
which it differs by its elongate radiating chloroplasts; G. nelsoni 
has numerous oval plastids (Hulbert 1957, Steidinger 1964).
Z* splendens occurred sporadically through the early autumn of
1966, but was absent from the 1967 plankton until May, when it became 
abundant. On June 27, 1967, it was a major component of a ^red-water" 
bloom at Gloucester Point and continued as a frequent member of the 
plankton until the end of September, 1967. This species was the chief 
component of massive blooms which appeared through most of July, 1966 and
1967, on the James River.
Gyrodinium pinque (Schiitt)
(PI. II, Fig. 3)
G. pinque occurred at scattered times throughout the sampling 
period, particularly during July and August, 1967. On several occasions, 
chiefly at times of "red water", it was one of the most numerous
47
dinoflagellates. This is a colorless non-photosynthetic form, perhaps 
saprophytic.
Katodinium glaucum (Lebour)
(PI. II, Fig. 2)
Formerly known as Massartia glauca (Lebour). Never dominant, K. 
glaucum occurred frequently enough during autumn 1966 to be included in 
this synopsis. K. glaucum lacks chloroplasts, and is non-photosynthetic.
Katodinium rotundatum (Lohman)
(PI. II, Fig. 5)
Formerly known as Massartia rotundata (Lohman). This distinctively- 
shaped small form was collected throughout the study period, although 
never in a position of dominance. Patten et al. (1963) reported K. 
rotundatum as the cause of "red water1* in the York River in June, 1960. 
Although no bloom of this species occurred during the actual period of 
study, K. rotundatum did cause extensive **red water" at Gloucester Point 
on June 3 through 5, 1968.
Cochlodinium heterolobatum Sousa e Silva 
(PI. II, Fig. 8)
This ecologically important species, apparently recorded (although 
unidentified) from various areas over a period of years, remained 
undescribed until 1967.
C, heterolobatum has apparently been the cause of "red water** at 
Gloucester Point for many years. Previously it was designated as C. 
catenatum, C. helicoides, or Cochlodinium sp. (Patten et al. 1963,
Mengebier and Wood 1967).
During the span of this investigation, it was collected only from 
late June through early September, 1967. In August and during the first 
week of September, it was the most numerous phytoplankter at Gloucester
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Point, and was the cause of extensive "red water" at that time. In 
1967, C. heterolobatum was also prominent in "red water" on the Rap­
pahannock River, and in some tributary creeks.
When jC. heterolobatum is rapidly dividing, daughter cells may 
remain joined, forming chains of two, four, or eight individuals. This 
dinoflagellate possesses chloroplasts, and is photosynthetic. It has 
a stigma, uncommon in this genus; Sousa e Silva also reports tricho- 
cysts in cells from cultures (Sousa e Silva 1967).
Family Warnowiaceae
Unarmored forms characteristically possessing an ocellus, a com­
plex light-sensitive organelle composed of a hyaline lens and pigment 
mass (melanosome). Girdle and sulcus usually twisted as in Cochlodinium 
of the family Gymnodiniaeae. Some members of the family possess nemato- 
cysts, organelles with basic structure and action similar to coelenterate 
nematocysts. Most are non-phytosynthetic and probably holozoic.
Three members of this family were recorded from Gloucester 
Point collections; of these, two are discussed below.
Warnowia parva (Lohman) ?
(PI. II, Fig. 7)
Also known as Pouchetia parva Lohman. The present form was ten­
tatively identified as W. parva, although there were certain differences 
between it and W. parva as characterized by Hulbert (1957). This species 
occurred at intervals throughout the study period, but was rarely nu­
merous.
Nematodinium armatum (Dogiel)
(PI. XX, Fig. 4)
N. armatum was present in the VIMS plankton only from May through
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September, 1967. In early August it was the second most abundant 
dinoflagellate present. This non-photosynthetic species possesses both 
an ocellus and nematocysts.
Family Polykrikaceae 
Unarmored forms with permanent colonial organization; two, four, 
or eight zooids in chains, each zooid possessing a gymnodinioid type 
of structure. Most species possess nematocysts. Some forms are holo­
phytic, others holozoic, some possibly both (Lebour 1925).
One member of this family was recorded during the study period, 
and is discussed below. However, a second species, Polykrikos hart- 
manni Zimmermann was prominent in red water blooms on the Rappahannock 
River in the summer of 1967, and has also been collected from the York 
(August, 1961). This species is discussed and figured by Hulbert (1957).
Polykrikos kofoidi Chatton 
(PI. II, Fig. 6)
This interesting species was one of the most common non-photo- 
synthetic unarmored forms. It occurred in good numbers throughout the 
year, less frequently in the winter months.
Z* kofoidi typically occurs as a colony of four zooids, with two 
nuclei. This species is distinguished from others of the genus by the 
presence of ribs or corrugations on the hypocone of each zooid.
Family Noctilucaceae 
Greatly modified unarmored forms which in their adult stage have 
little resemblence to other dinoflagellates. Flagella reduced, and 
girdle and sulcus obscured except in zoospore stages. The mobile ten­
tacle originating in the sulcal area is characteristic.
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Only one species of this family is known from temperate waters, 
the cosmopolitan Noctiluca scintillans (synonomous with N. militaris). 
This species was recorded at Gloucester Point, and is discussed below.
Noctiluca scintillans Macartney 
(PI. I, Fig. 9)
This strangely modified holozoic dinoflagellate commonly floats 
just at the water's surface, cell buoyancy being maintained by adjust­
ment of the cell ion content. N. scintillans is brilliantly biolumin- 
escent.
This form was recorded from VIMS only in the fall of 1966, when 
it was a prominent member of the plankton. It was not collected at any 
other time during the period of investigation.
Family Peridiniaceae 
Thecate forms with theca composed of three main units -- epitheca, 
hypotheca, and girdle, these in turn divided into numerous plates of 
definite arrangement within the genera and species. Previously, the 
family Glenodiniaceae was separated from the present family (Parke and 
Dixon 1964), but Prager (1963) has recently shown that the differences 
between the two families are not sufficient to warrant separation. 
Consequently, the family Glenodiniaceae has been abolished and its three 
genera transferred to the Peridiniaceae. I have followed the scheme of 
Lebour (1925) and Wood (1954) and included the genus Gonyaulax in this 
family as well, rather than separating it in its own family Gonyaulaceae 
as do Parke and Dixon (1964).
Glenodinium foliaceum Paulsen 
(PI. Ill, Fig. 4)
Small dinoflagellate which occurred in large numbers during August
51
of 1967. In mid-month it was the cause of an intense localized bloom 
in shallow water along the Gloucester Point beach. It was present in
lower numbers at other times during the summer months.
Glenodinium sp. 3 
(PI. Ill, Fig. 5)
This form has not yet been satisfactorily identified. In June 
of 1967 it was identified as a Gymnodinium species, as specimens did 
not appear to possess a theca. However, specimens taken in 1968 revealed 
a delicate theca composed of articulated plates, the exact arrangement 
of which has not yet been determined. It has thus been designated as
a Glenodinium species. Individuals collected when the form is not
numerous are obviously thecate, while those taken in periods of rapid 
population growth have a very thin theca difficult to elucidate.
This species was in a position of dominance from June through 
August, and was the most numerous form in "red water" on June 27, 1967, 
at Gloucester Point.
Diplopsalis lenticula -f. minor Paulsen 
(PI. Ill, Fig. 3)
First recorded in January 1967, this form remained prominent in 
the plankton until mid-April. It was particularly numerous during March 
and the first week of April. D. lenticula f. minor occurred sporadically 
and in relatively low numbers throughout the summer and fall of 1967.
Diplopsalis orbicularis (Paulsen)
(PI. Ill, Fig. 2)
Never numerous, D. orbicularis was present in Gloucester Point 
plankton at intervals throughout the study period, occurring with great­
est frequency in the fall of 1966. The cell shape of this species is
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variable, some individuals being globular and others flattened and lens­
shaped, similar in size and shape to D. lenticula f. minor.
Diplopsalis rotundata (Lebour)
(PI. Ill, Fig. 1)
This small colorless dinoflagellate is distinguished from others 
of the genus by its five-sided first apical plate.
D. rotundata was first recorded in late fall of 1966, and was 
present throughout the remainder of the sampling period. It was of 
greatest importance during March and the first week of April, 1967. D. 
rotundata was often numerous in periods of "red water” , and could be 
observed feeding upon other dinoflagellates. It would attach to the 
prey by its flagella, sometimes swimming for a period towing the other 
cell. A lobe of protoplasm would then be extruded from its flagellar 
pores, engulfing the prey cell. Digestion was apparently extracellular.
Peridinium achromaticum Levander 
(PI. V, Fig. 5)
This dinoflagellate was present from mid-April to mid-May, 1967.
It reached a population peak during the third week of April, and at that 
time was one of the most numerous species present. P. achromaticum was 
not seen after May 11, 1967.
Peridinium claudicans Paulsen 
(PI. VIII, Fig. 1)
L* claudicans was first encountered in the plankton on October 12, 
1966, and persisted sporadically until the 8th of December; a population 
maximum was reached on the 3rd of November at which time this species 
was one of the dominant Gloucester Point dinoflagellates. It was not 
collected again until August 22, 1967, and on that date it was one of
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the dominant species. P. claudicans increased in numbers until the 
5th of September, and then declined,, disappearing from the plankton 
before the 2nd week of October, 1967. A detailed account of this 
species is given in a paper by Balech (1951).
Peridinium conicum (Gran)
(PI. V, Fig. 6)
Initially recorded on the 4th of October, 1966. By mid-October 
this species was one of the more important dinoflagellates in Gloucester 
Point plankton. Its occurrences after this date were sporadic and it 
was not seen in 1966 after the first week of December. In 1967, P. 
conicum first appeared in late June. It was seen occasionally, in low 
numbers, until October 3, at which time it disappeared completely from 
the local plankton.
Peridinium curtipes Jorgensen 
(PI. VIII, Fig. 4)
Some confusion exists between this species and P. crassipes 
Kofoid. Schiller (1937) combines the two forms on the grounds that 
they cannot be validly distinguished. However, both Paulsen (1949) 
and Wood (1954) consider them separable on the basis of cell outline 
and girdle shape. In addition, £. curtipes is considered a cold-water 
form and ]?. crassipes subtropical (Paulsen 1949). In the present study, 
both species were considered valid forms and all Gloucester Point material 
was designated Peridinium curtipes.
This species was a constant and important member of the dino- 
flagellate flora in the autumn of 1966. First recorded on September 14, 
it gradually increased in numbers, and by October 4 was one of the local 
dominants. P. curtipes continued in a position of importance until the
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end of November, 1966, when it disappeared from the plankton. This 
species was not recorded at any time in 1967.
Peridinium deficiens Meunier 
(PI. VII, Fig. 1)
The apical plate arrangement of this species is distinct from 
all others of the genus. The first and fourth apical plates are appar­
ently fused, and the intercalaries and precingulars asymmetrically 
arranged, resulting in an unmistakable epitheca. In addition, pores 
in the thecal reticulations occur in groups of two or three, not singly 
as in other Peridinia.
This species was recorded occasionally throughout the study 
period, in low numbers. It was present with greatest consistency in 
August and September of 1967.
Peridinium depressum Bailey 
(PI. VII, Fig. 3)
This large neritic and oceanic species was an important Gloucester 
Point dinoflagellate in the fall of 1966. First recorded on September 14, 
it became increasingly abundant through October, less so in November, 
and disappeared from the plankton by the 1st of December. It was next 
collected from the beginning of April through mid-May 1967. Although 
generally in low numbers at this time, on April 18, 1967, it was one of 
the most abundant dinoflagellates in the plankton. P. depressum was 
not recorded in the autumn of 1967. Graham gives an exhaustive account 
of this species and its many varieties in his 1942 monograph on the 
Peridiniales.
Peridinium excentricum Paulsen 
(PX. V, Fig. 2)
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This distinctive species was a characteristic and important 
member of the late autumn, 1966, phytoplankton. P. excentricum was 
first collected on November 8 in relatively low numbers. It gradually 
increased in prominence, and during the last week of November was one 
of the most numerous dinoflagellates at Gloucester Point. Numbers de­
clined thereafter, and it was not seen after the 8th of December. P. 
excentricum was not collected at any time in 1967. Balech gives a 
detailed account of this species in his 1951 paper.
Peridinium marielebourae (Karsten)
(PI. VI, Fig. 1)
This species is also referred to as P. obtusum Karsten, as in 
Lebour (1925). £. marielebourae was found at Gloucester Point through­
out the study period, in greatest numbers during the autumn and early 
winter of 1966-1967. At that time it was one of the most abundant 
dinoflagellates in the phytoplankton.
Peridinium oblongum (Aurivillius)
(PI. VII, Fig. 2 and 4)
Z* ohlongurn resembles JP. oceanicum, but has shorter horns in 
proportion to the cell body, and is considerably smaller in size. 
Gloucester Point specimens differed from previous descriptions of JP. 
obiongum, as they possessed but one anterior intercalary plate, rather 
than three. This plate was located in the "2a" position, but was large 
and "hexa" in shape, rather than small and "quadra". This was observed 
on all specimens. The size and shape of this large plate was such that 
it could have been formed by the fusion of the three smaller, normal 
intercalaries. Whether this might be a clonal variation, as has been 
observed by Wood (1954) in estuarine populations of neritic and oceanic
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forms, is a matter of conjecture. However, specimens of P. oblongum 
collected - front off the Virginia capes were normal, and possessed three 
anterior intercalaries. Two distinct forms of this species were ob­
served, differing in length-width ratios and also time of occurrence.
Form "A" averaged 125/i in length (llO-135/i), including horns, while form 
"B" was shorter, only about 85/i (80-95/u) in length. The former’s 
length-width ratio ranged from 1.60-1.85, while that of form **B" 
ranged between 1.37-1.46. The latter dimensions approach those of P. 
latidorsale Balech, and jP. oblongum **B*’ should perhaps be referred to 
that species. I?, latidorsale also possesses the single, large 2a plate, 
rather than three smaller ones (Balech 1951). However, the P. oceanicum- 
oblongum-latidorsale complex has not yet been fully investigated for 
evidence of species intergradation, etc. (E.J.F. Wood 1968, personal 
communication).
In the fall of 1966, Peridinium oblongum "A" was present in low 
from early October to early December. P. oblongum "B" appeared later, 
in early January. It soon increased in importance, and by late January 
and early February was one of the most common dinoflagellates. Its 
numbers declined thereafter, and by mid-April it was gone from the 
Gloucester Point area.
Peridinium pellucidum (Bergh)
(PI. VIII, Fig. 3)
A small, rather variable species. The majority of observed 
specimens had distinctly winged antapical spines, and a relatively smooth 
theca. However, on occasion ’’wingless" cells with spiny thecae were 
collected.
]P. pellucidum was collected in both the fall of 1966 and of 1967-
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In 1966 it was initially recorded on October 12, and occurred with 
frequency, although in low numbers, until the first week of December.
The following year P. pellucidum appeared on the 5th of September. It 
rapidly increased in abundance, and by the 19th of September was one of 
the most numerous dinoflagellates in the local plankton. Numbers de­
creased after that date, and October 10 it had disappeared from the 
plankton.
Peridinium pentagonum Gran 
(PI. VI, Fig. 3)
This species is distinguished from the variety latissimum Kofoid 
(treated next) primarily on the basis of its length-width ratio. In 
P. pentagonum it is approximately 1.0, in P. pentagonum var. latissimum 
it ranges between 1.3-1.4.
P. pentagonum was observed only in the autumn of 1966 and of 
1967. During the former period, it was present from late September 
through mid-December, with a peak of abundance on November 1. In the 
fall of 1967, P. pentagonum occurred from late September until mid- 
November, with maximum numbers during the last three weeks of October.
At that time it was one of the most numerous dinoflagellates at Glou­
cester Point.
Peridinium pentagonum var. latissimum (Kofoid)
(pi. VI, Fig. 5)
As was discussed above, this variety is distinguished from the 
species by its great width in relation to its length.
Z* Pentagonum var. latissimum was one of the most important 
dinoflagellates at Gloucester Point during the study period. First 
seen in early September, 1966, it rapidly became one of the most numerous
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dinoflagellates in the plankton. Its position of dominance persisted 
until mid-Decemberwhen it disappeared, from collections. This form was 
seen on only two occasions during the spring of 1967. It reappeared in 
mid-June, and persisted, usually in low numbers, throughout the re­
mainder of the sampling period. On occasion, especially during late 
September through early November, it was a dominant Gloucester Point 
pyrrhophyte.
Peridinium perbreve Balech and Soares 
(PI. VIII, Fig. 2)
Described by Balech from Brazilian waters (Balech and Soares 
1966), this is to my knowledge the first record for this species from 
the Northern Hemisphere. The proportions and thecal morphology of this 
species are distinctive and not similar to any other Peridinium (Balech 
1966).
Never common in the Gloucester Point phytoplankton, this form 
was seen in both the autumn of 1966 and of 1967. In 1966 it occurred 
with fair consistency during October; in 1967 it was seen on two occa­
sions in mid-September, in low numbers.
Peridinium quinquecorne Abe 
(PI. V, Fig. 1)
This small species was formerly known only from Mutsu Bay,
Japan (Abe 1927). However, Dr. Tohru H. Abe has confirmed my identi­
fication of this species from material collected at Gloucester Point, 
Virginia, and Rehoboth Beach, Delaware, in 1966 and 1967. P. quin- 
quecorne differs from most others of the genus in its possession of 
but two anterior intercalary plates.
This form was first recorded from September 5, 1966, '’red-water1'
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at Gloucester Point; this bloom persisted until the third week of 
September. In 1967, quinquecorne occurred in the local plankton 
in low numbers, from mid-August through late September.
Peridinium subinerme Paulsen 
(PI. VII, Fig. 5)
This dinoflagellate was an important species at Gloucester Point 
during the late autumn, winter, and spring months. Initially recorded 
in mid-November 1966, P. subinerme did not become numerous until Jan­
uary, 1967. The population reached a peak in April and early May, 1967, 
disappearing completely by the end of the latter month. P. subinerme 
appeared again in mid-September, 1967, and persisted throughout the 
remainder of the study period.
Peridinium triquetrum (Stein)
(PI. V, Fig. 3)
Z* triquetrum was an important member of the local flora during 
the late autumn, winter, and spring months. First recorded in mid- 
November 1966, by mid-December it was one of the dominant species in 
the plankton. This dominance persisted until mid-March, when P. tri­
quetrum disappeared from the plankton. It reappeared in late April, 
reached a brief peak of abundance, and then disappeared entirely from 
the plankton by June 1. It was next seen in early November 1966, in 
good numbers, and persisted as a dominant form throughout the remainder 
of the sampling period.
Z* triquetrum was the major component of red water blooms re­
corded on the James River, Virginia, in 1965, 1966, and 1967.
Peridinium trochoideum (Stein)
(PI. V, Fig. 4)
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This small species was frequently encountered during the warmer 
months. In 1966, it was a dominant species in a red water bloom in 
Sarah Creek, near Gloucester Point. It was not seen in 1967 until mid- 
May. During the last week of June and the first week in July, P. 
trochoideum was one of the dominant organisms in Mred water" at Glouces­
ter Point. It was absent from collections for a few weeks, then 
reappeared in large numbers as a secondary component of a bloom dominated 
by Cochlodinium heterolobatum. P. trochoideum was seen in lesser abun­
dance during September, and disappeared from the local plankton by the 
end of that month.
When this species is multiplying rapidly, many pairs of cells 
and many unarmored gymnodinoid forms can be observed. This reflects 
the rather unusual mode of division of ]P. trochoideum, wherein the 
mother cell sheds its theca, releasing a naked protoplast. This then 
divides, the two daughter cells remaining attached, apex to antapex, 
for a while, swimming in tandem. These grow new thecal plates, and 
then separate (Braarud 1958).
Peridinium sp. 1 
(PI. VI, Fig. 4)
This as yet unidentified Peridinium was present from January 25 
through March 1, 1967. Never a dominant form, it was consistent enough 
in its occurrence to be included here.
Peridinium sp. 8 
(PI. VI, Fig. 2)
The dinoflagellate has not yet been satisfactorily identified. 
Showing affinities to both P. conicum (Gran) and P. leonis Pavillard, 
it is also a member of the section Conica of the genus Peridinium.
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Karen Steidinger (personal communication, 1968), after examination of 
preserved material from Gloucester Point, stated that Peridinium sp. 8 
is identical to her unidentified Peridinium "D", collected from the 
waters off the West coast of Florida (Steidinger et al. 1967).
Peridinium sp. 8 was collected only in the fall of 1967. First 
recorded on September 26, it soon reached a position of dominance in 
the local flora. By the end of October it disappeared from the plankton.
Gonyaulax diacantha (Meunier)
(PI. IV, Fig. 5)
Initially recorded on February 7, this species did not become 
a consistent or prominent member of the flora until mid-April. Reaching 
a population peak in the second week of May, it disappeared from the 
plankton by the end of that month. However, a few cells were observed 
during the first week of July. Sousa e Silva has written a fairly 
recent account of this species in culture, including observations on 
morphological variation (Sousa e Silva 1962).
Gonyaulax diegensis Kofoid 
Gonyaulax digitale (Pouchet)
(PI. IV, Fig. 6)
Although Kofoid (1911) distinguished these two forms on the 
basis of several features, many other workers have encountered diffi­
culty in separating them. Wood (1954) writes that "it seems probable 
that they are forms rather than species." The large Gonyaulax found at 
Gloucester Point has characteristics of both diegensis and digitale: 
the separable fourth apical and the nodal pores of the former and the 
size, shape, and girdle displacement of the latter. Steidinger, after 
examining Gloucester Point material, found forms intermediate between
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the two species (August 31 sample), as well as some in a September 25 
collection that were more characteristic of G. diegensis (Steidinger 
1968, personal communication). Wall (1968, personal communication) ex­
pressed the belief that a "suite" or group of species (or subspecies) 
exists, all possessing almost identical characters in the thecate 
stages. However, he also suggests that these forms may produce dist­
inctive resting spores by which the species may eventually be separated. 
Because of this confusion, this Gonyaulax species will be referred to 
as Gonyaulax diegensis-digitale, until such time as its identification 
can be completed.
This form was the most numerous and important member of the genus 
in the plankton during the period of investigation. First recorded on 
October 4, 1966, its numbers gradually increased, reaching a peak in 
the first two weeks of November. At this time, Gonyaulax diegensis- 
digitale was one of the most numerous dinoflagellates in the local 
flora. Numbers gradually declined from this peak, and the species dis­
appeared from the plankton by December 8, 1966. G. diegensis-digitale 
was not collected in the spring of 1967, but reappeared at the beginning 
of July. It continued as a dominant dinoflagellate throughout the 
remainder of the summer and into the autumn months. By the end of 
October its numbers gradually declined, and its occurrence in November 
was sporadic.
Gonyaulax monilata Howell 
(PI. IV, Fig. 2)
This species has been implicated in fish kills in Florida (Howell
1953) and Texas (Gates and Wilson 1960). It produces a toxin that 
causes respiratory paralysis in mullets (Gates and Wilson 1960). To my
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knowledge, the occurrence of this species at Gloucester Point is its 
first record from middle Atlantic Coast estuarine waters.
G. monilata was first recorded on September 7, 1966; its appear­
ance was sudden, and from its initial occurrence was present in large 
numbers. The bloom of G. monilata was accompanied by a brilliant dis­
play of bioluminescence. This species continued as the dominant dino- 
flagellate in the Gloucester Point plankton until the end of September.
Its numbers declined precipitously thereafter, and by October 12 it had 
disappeared from the plankton. The species was not collected again until 
the end of August, 1967. It was present in Gloucester Point plankton 
until mid-September, never in high numbers. However, at the York River 
mouth it was present in bloom concentrations during this same period 
(see section below on red water blooms).
Gonyaulax monocantha Pavillard 
(PI. IV, Fig. 4)
G. monocantha was first collected in large numbers, on June 27, 
1967, and was again recorded in a dominant position on August 1. Through­
out September this species was present at Gloucester Point in relatively 
low numbers, and was not collected after the end of that month.
Gonyaulax polyedra Stein 
(PI. IV, Fig. 3)
G. polyedra was present in local plankton in early September 1966, 
and in late August and early September 1967. In 1966, it was the domi­
nant organism in a red water bloom from Ames Pond, a salt water pond 
near Gloucester Point.
Gonyaulax spinifera (Claperede and Lachmann)
(PI. IV, Fig. 1)
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This species occurred periodically throughout the sample period, 
usually in low numbers. It was a more consistent member of the dino- 
flagellate flora in the spring of 1967 than at any other time.
Family Ceratiaceae 
Cells usually drawn out into three long hollow horns. Theca 
composed of plates; plate formula 4 1 5", 5*", 2m ’. Chloroplasts 
numerous, disk-shaped. This family is wide-spread in marine waters, 
particularly oceanic areas; there are also several important fresh­
water species.
.Ceratium bucephalum (Cleve)
(PI. IX, Fig. 2)
Sournia (1967) considers this species a psyschrophilic variety 
of the tropical species C. arietinum Cleve.
C. bucephalum was recorded only once by Mulford (1963) in Vir­
ginia offshore waters. However, I have seen it often in neritic samples 
from the same area, generally in company with C. tripos and C. fusus. 
This species was recorded from Gloucester Point only in May of 1967, 
but during the week of May 17th it was one of the most numerous dino- 
flagellates collected.
Ceratium furca (Ehrenburg)
(PI. VIII, Fig. 6)
Ceratium furca is a variable species, its morphology varying with 
water temperature, salinity, and perhaps other factors. The C. furca 
found at Gloucester Point is a form characteristic of inshore waters, 
and is considered by Steidinger to be worthy of varietal status (Steid­
inger 1968, personal communication).
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This species was a constant and important member of the Gloucester 
Point phytoplankton. Encountered throughout the sample period, and in 
virtually every collection, C. furca was important particularly in winter 
and early spring of 1966 and 1967, and in summer and early fall of 1967.
Ceratium fusus (Ehrenberg)
(PI. IX, Fig. 5)
This neritic species was first observed at Gloucester Point in 
early April 1967. It occurred sporadically during April and May, dis­
appearing from the plankton by the end of the latter month. C. fusus 
did not appear in large numbers and was never an important member of the 
local flora.
In 1960, C. fusus was abundant in the lower Chesapeake Bay from 
March through May, with peak populations in the latter month (Mulford 
1963).
Ceratium lineatum (Ehrenberg)
(PI. VIII, Fig. 5)
Mulford (1963) records this species from the lower Bay in March, 
May, and June of 1960. During the span of this study, C. lineatum 
appeared in the Gloucester Point plankton from mid-April through May, 
1967. Although usually in low numbers, on April 18 it was one of the 
most abundant dinoflagellates in the plankton.
Ceratium longipes (Bailey)
(PI. IX, Fig. 3)
Mulford (1963) did not distinguish this species from the similar 
<C. arcticum (Ehrenberg); he records the latter from lower Bay stations 
from late April through early June. However, Yarranton (1967) was able 
to separate the two species by the shape and orientation of their horns,
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expressed in a quantitative manner. All forms encountered in VIMS 
plankton were typical Ceratium longipes.
longipes was initially found in mid-April, 1967, plankton 
at Gloucester Point, and at that time was one of the more important 
dinoflagellates present. After mid-April its occurrence was sporadic, 
although occasionally in fair numbers. It was not seen after May 17, 
1967.
Ceratium macroceros (Ehrenberg)
(PI. IX, Fig. 4)
Mulford (1963) recorded this species only from lower Bay stations. 
During the course of the present study, it was observed in low numbers 
during April and May of 1967 at Gloucester Point.
Ceratium tripos (0. F. Muller)
(PI. IX, Fig. 1)
Mulford (1963) reports C. tripos from the lower Bay from January 
through August, 1960, most commonly in May and June. This is an abun­
dant off-shore species, and is one of the most numerous phytoplankters 
in neritic collections.
Ceratium tripos was first observed at the beginning of April 
1967; it soon became one of the more abundant species at Gloucester 
Point. This form continued in a generally dominant position until 
mid-June, when it abruptly disappeared from the plankton.
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"Red Water”
The summer of 1967 was characterized by several "red water" or 
"red tide" blooms on the York River and the adjacent areas of Chesapeake 
Bay. Usually rising rapidly from obscurity in the plankton, the bloom- 
producing organisms reached a peak of numbers which dominated all other 
dinoflagellates (in fact, most other plankters), and within a period of 
days or weeks were gone completely from the area. The earliest "red 
water" occurred on June 26, 1967, appearing in streaks near the end 
of the VIMS tide gauge pier in early afternoon, but dissipating by late 
afternoon. The dominant organisms were (in order of importance): 
Glenodlriium sp. 3, jP . trochoideum, G. splendens, JP. kof oidi, and G. 
pinque. Water temperature was 24.0 C and salinity was 19.47 °/oo.
There was little wind and the day was sunny. "Red water" was seen only 
on June 26, for although the same species were numerous in the plankton 
for over a week, the winds were apparently too high and the water too 
choppy for the cells to congregate into patches of bloom.
In July, C. dieter olofaat urn appeared for the first time in numbers, 
and rapidly increased in importance throughout that month. On August 3 
it was the co-dominant in an extensive bloom in the York River at Glou­
cester Point; this occurred in broad streaks and patches about 100 
meters.from shore and in the.main channel. The other.important species 
in this bloom was P. trochoideum. Patches of this Cochlodinium-Peri- 
dinium "red water^ with the additional presence at times of G. diegensis- 
digitale, occurred on August 7, 8, and 9 at Gloucester Point, extending 
upriver at least as far as Claybank (Fig. 2). A period of cloudy 
weather followed, and the "red water" disappeared from the vicinity of 
VIMS. However, it persisted upriver at Claybank, where samples from
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August 11 and 12 showed a bloom dominated by C. heterolobatum and G. 
foliaceum. August 14 "red water", which extended from Aberdeen Creek 
to 0.5 mile above Claybank, was dominated by Cochlodinium, with low 
numbers of P. trochoideum and micans. There was no discolored water 
at Gloucester Point until August 16, when an intense discoloration 
caused by G. foliaceum appeared along the beach in about 0.5 meters of 
water. This near-shore bloom continued through August 18. On the latter 
day a wide red streak appeared off the VIMS beach about 100 meters from 
shore. This was found to be a bloom of JC. heterolobatum and the diatom 
j3. costatum, with P. trochoideum of secondary importance. On August 24 
I received a sample of "red water" which had been collected on August 
21, near Wolf Trap Light in Chesapeake Bay. The causative organism was 
tentatively identified as G. monilata, because of its bead-like chains 
which still retained considerable integrity although dead and rather 
badly decayed. (£. heterolobatum, an unarmored species which also forms 
chains of cells, soon decays into an amorphous jelly after death.) The 
fisherman who had collected the sample described the discolored water 
as extending from Wolf Trap Light nearly to Thimble Shoals Light, in 
broad parallel streaks "about 100 yards wide" (Fig. 1). When collected, 
"the jar looked like it was filled with tiny worms", which is an accur­
ate description of the naked-eye appearance of the long chains of G. 
monilata (often 40 or more cells). This Gonyaulax was the cause of an 
extensive bloom at Gloucester Point in September 1966.
On August 25, the along-shore bloom of G. foliaceum returned. 
Further reports of extensive "red water" off York Spit prompted a col­
lecting trip on August 31; wide sheets and patches of discolored water 
were found extending from Tue Marshes Light out into the bay. A sample
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revealed the dominant species to be C. heterolobatum, with (in order of 
importance) G. diegensis-digitale, P. pellucidum, C. furea, and G. 
monilata also in large numbers. By September 5 this "red water" had 
apparently progressed upstream to Gloucester Point, as extensive blooms 
of the same species occurred on that date. By September 19, however,
C. heterolobatum had completely disappeared from the Gloucester Point 
plankton. After the first week of September there were no more "red 
water" blooms.
DISCUSSION
Factors Affecting Dinoflagellate Populations:
The presence or absence of a particular dinoflagellate species 
depends upon various physical and biological conditions of the environ­
ment. In addition, the planktonic nature of most dinoflagellates 
leaves them subject to transport by currents and other water movements, 
sometimes over great distances (Graham 1941, Wood 1954).
A prerequisite for the occurrence of any species is the presence 
of a "seed population", a propagative source of the main population.
This "seed population" may be in the form of resting spores which 
germinate as conditions become favorable, or may consist of low numbers 
of motile cells surviving under suboptimal conditions. These later 
begin reproduction as the environment improves. Also, introduction of 
few or many actively reproducing cells into an area by water mass move­
ments is not uncommon, especially in estuaries (Wood 1954). The intro­
duction of an outside water mass, together with its plankton, may 
radically change the environmental characteristics of an area and the 
composition of its phytoplankton within a short span of time. Enclosed 
or restricted bodies of water are most subject to such changes (Wood
1954). Thus it can be seen that a dinoflagellate population may gradu­
ally develop within a given area from an initially small seed population, 
or may be introduced more or less en masse from another area.
Lack of a viable seed population can explain the absence of a 
species from an area when hydrographic and nutrient conditions are
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apparently optimal for its growth (Allen 1941). This in part can 
account for the observed lack of correlation from one year to the next 
in dinoflagellate species present and in populations peaks (Allen 1941, 
Wood 1954).
Populations of a dinoflagellate species generally continue active 
reproduction as long as conditions remain non-limiting. In this manner 
the population maintains itself against the inroads of senile death, 
grazing, and dispersal through water movements out of an area (Kierstead 
and Slobodkin 1953). When the environment will no longer support re­
production, the population declines. Dinoflagellates can often survive 
for a time in waters that are limiting for reproduction. Thus the pre­
sence of living cells of a particular species in a particular area 
does not necessarily mean that conditions in that area can support an 
actively reproducing (i.e., self-maintaining) population of that species 
(Wood 1954). This latter fact can cause difficulty in evaluating col­
lection results for species tolerance limits, and must always be con­
sidered. In the present study, the observation that many species 
remain in the plankton at temperature or salinity levels below or above 
the levels when they made their initial appearance may be a reflection 
of this characteristic.
Factors which disperse populations of dinoflagellates are of two 
types: biological (e.g., buildup of metabolites, depletion of nutrients,
grazing, senile death); and physical (e.g., unfavorable temperature and 
salinity conditions, strong winds, rainfall). Bary (1951) suggested 
that dispersal of dinoflagellate blooms could be due to wholesale 
deaths due to change of environment, metabolite buildup, or displace­
ment by another organism. Hayes and Austin (1951) added that populations
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may deplete nutrients, a rise in the number of predators may occur, or 
there may be changes in wind or tide. In 1960 Finucane noted that 
Gymnodinium breve numbers declined off the west coast of Florida after 
passage of weather fronts accompanied by lower water temperatures and 
turbulent seas. Since in the present study no attempt was made to 
monitor nutrient or metabolite levels, nothing can here be said of the 
effect of these factors effect of these factors on the dinoflagellate 
flora. Predation by other dinoflagellates and by protozoans (particu­
larly tintinnids) was observed on numerous occasions. Also, in many 
cases a reduction in numbers of dinoflagellates was concurrent with an 
increase in numbers of rotifers and copepods, indicating that some graz­
ing was probably taking place. Changes in weather were often accompanied 
by abrupt changes in the dinoflagellate flora. However, temperature 
and salinity seemed to have the greatest effect on dinoflagellate 
occurrences, as was previously observed by other workers. This will be 
discussed later.
Seasonality and Floristic Composition:
The temporal distribution of dinoflagellates at Gloucester Point 
exhibits definite seasonality, and is characterized by cyclic occurrences 
of species and groups of species (floras). This seasonality and variable 
abundance of phytoplankton is a well-documented phenomenon of temperate 
zone estuaries (Fish 1925, Bigelow 1926, Allen 1927, 1928, 1941, Burk- 
older 1933, Gran and Braarud 1935, Lillick 1937, 1940, Morse 1947,
Riley 1952, Conover 1956, Patten et al. 1963, Riley and Conover 1967), 
and was Observed in Chesapeake Bay from the earliest investigations.
Wolfe and Cunningham (1926), Cowles (1930), and Morse (1947) all 
reported a bimodal temporal distribution of phytoplankton in Chesapeake
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Bay, with population peaks in autumn and spring. On the other hand, 
Patten et al. (1963) rejected this completely. They recorded four 
population maxima (in terms of total cell numbers) in the York River 
during 1960; at no time was a bimodal pattern evinced. They found 
peaks of flagellate populations (including both dinoflagellates and 
cryptomonads) from February through April, in June, in July and August, 
and from in October through December. Diatoms peaked from January 
through March, and again in July and August. Since only relative cell 
counts were made in my study, direct numerical comparison with Patten’s 
results is not possible. However, in general, my observations support 
to some extent both the bimodal and multi-modal patterns of phytoplank­
ton distribution. The densest phytoplankton populations of the year 
occurred from December through early April, this being the winter-spring 
diatom bloom dominated in 1966-67 by N. pungens var. atlantica. Only 
during the "red water” periods of July and August, 1967, was such heavy 
"pea soup" plankton collected; these latter populations were dinoflagel- 
late-dominated. Superficially this pattern resembles the classic bimodal 
distribution of Wolfe and Cowles. However, in common with Patten and 
his associates, the present study also recorded several lesser popu­
lation peaks at other times of the year: a diatom-dinoflagellate peak
in September and October of .1966 and 1967; a brief Skeletonema maximum 
in mid-August, 1967; and a dinoflagellate peak in late May and June.
Patten et al. (1963) also examined the species diversity of the 
Chesapeake Bay phytoplankton during 1960. They found six peaks of di­
versity at Gloucester Point: February, late March, early June, mid-
July, mid-September, and late November. Again, since no quantitative 
cell counts were made my study, strict comparison with Patten’s results
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cannot be made. However, graphing the number of species present on 
each collection day gave a curve with six major peaks: October through
December, 1966, and February, April-May, June, and August of 1967 (Fig.
5). The greatest number of species (28) was collected on May 18, 1967, 
and the lowest number (3) on October 29, 1967; the average number of 
species per collection day was 13.
If groups of species were considered in relation to seasonal 
abundance, certain patterns of occurrence could be discerned. The 
various species encountered can be grouped, generally, into the follow­
ing categories: ubiquitous, "year-round" species; "winter", cold-
water species; "summer", warm-water species (including most red-water 
organisms); and species of "spring" and "fall", the periods of temp­
erature transition.
The year-round species may be further subdivided into those 
which were more numerous at one season than another, and those whose 
abundance throughout the seasons appeared relatively constant. Ex­
amples of the former might be P. kofoidi (less abundant in spring), D. 
rotundata (less abundant in fall), and _P. minimum (less abundant in 
fall), while those in the latter category would include P. micans, C. 
furea, and P. marielebourae. Most of these above named species are 
usually found in estuarine and near-shore areas (Lebour 1925, Wood 1954).
As they were encountered throughout the year in a wide variety of en­
vironmental conditions, they can be considered tolerant organisms 
well-suited to a permanent estuarine existence. Species whose abundance 
fluctuates somewhat throughout the year are probably more sensitive to 
varying conditions than forms which remain more constant in numbers.
The "winter" floral period at Gloucester Point was considered as
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extending from early December to about mid-April. This period was 
characterized by certain dinoflagellates: P. triquetrum, P. subinerme.
A. sphenoides, P. excentricum, P. oblongum "B", P. sp. 1, all more or 
less restricted to this period of the year, as well as certain "year- 
round" species such as P. micans and C. furca. Temperatures at this 
time ranged below 11.0 C. In general, dinoflagellates were important 
in the early winter, becoming subordinate later to the winter-spring 
diatom bloom.
The floras of spring and fall are more complex to analyze. The 
"autumn" floral period at Gloucester Point was characterized by, primar­
ily, a large assemblage of nonphotosynthetic dinoflagellates of the 
genus Peridinium, particularly P. pentagonurn, P. pentagonum v. latissimum, 
P. conicum, P. depressum (1966 only), P. curtipes (1966 only), P. claudi- 
cans, P. deficiens, and JP. pellucidum. Other numerous species were: D.
lenticula f. minor, G. diegensis-digitale, N. scintillans (1966 only), 
as well as the ubiquitous P. micans and C. furca. These species appeared 
at various times in late summer and early autumn, and persisted until 
about the first week of December, when they were replaced by the winter 
species.
In the York River an extensive diatom bloom, lasting from mid­
winter through the first weeks of April precedes the "spring" dinoflagel­
late flora. In 1966-67, the dominant species in this diatom bloom was 
N. pungens var. atlantica. The diatoms almost completely overshadow the 
flagellate population, which makes up but a small percentage of the 
phytoplankton at this time. In 1967 "winter" dinoflagellate species 
disappeared from the plankton for the most part at about the time the 
diatom bloom began to disperse. At this point, certain other species,
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chiefly of the genus Ceratium, appeared and soon became prominent mem­
bers of the flora. These Ceratia (C. tripos, C. longipes , C. lineatum,
C. fusus, and C. macroceros) in addition to G. diacantha, D. acuminata,
P. depressum, persistent winter forms such as P. subinerme and P. tri- 
quetrum, and year-round species such as C. furca, P. micans, P. mariele- 
bourae, and D. rotundata can be considered as characteristic of this 
"spring” flora. The majority of these species persisted until June, 
when they disappeared from the local plankton.
The "summer" floral period at Gloucester Point can be considered 
as extending from about early June to late September. This period in 
the lower York River is quite complex in regards to the dinoflagellate 
flora. June 1967 saw the disappearance of some numerous and important 
members of the spring plankton. Certain species which had been numerous 
in the fall of 1966 reappeared in the plankton at some time during the 
summer: P. pentagonum v. latissimum, P. claudicans, P. pellucidum, and
G. diegensis-digitale. However, other forms can be considered more 
typical "summer" or warm-water species as they appeared, reached a peak 
of numbers, and then disappeared from the plankton before the end of 
September, e.g., C. heterolobatum, Glenodinium sp. 3, and G. monilata.
Many of these summer species were causes of red-water blooms during this 
period, as reported in the Results section. Temperatures were high 
during this period, ranging above 20.0 C.
An attempt was made to correlate the above mentioned cyclic pat­
tern of occurrences with various environmental factors. Most workers 
have found little or no correlation between nutrient levels and dino­
flagellate occurrences (unlike diatoms), as in most waters these sub­
stances are not found in limiting concentrations for dinoflagellates
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(Gran 1912, Graham 1942, Wood 1954). In contrast, salinity and temp­
erature have been shown by previous investigators to have a definite 
effect on dinoflagellate populations (Gran 1912, Graham 1942, Allen 1928, 
1941, Wood 1954). For this reason, only these particular factors were 
considered in the present investigation.
It was first necessary to characterize the 54 major species en­
countered by their relationship to salinity and temperature, and to 
compare these observed ranges with their presence or absence during 
the study period.
Of the 54 species considered, 22 were found in a wide range of 
temperatures, spanning 14 centigrade degrees or more, and are thus 
considered "eurythermal" (at least within the temperature range en­
countered during the study period). These species are: P. micans,
P. marielebourae, D. lenticula f. minor, C. furca, D. rotundata, P. 
minimum, G. spinifera, G. diegensis-digitale, G. diacantha, K. rotun- 
datum, W. parva (?), P. kofoidi, N. scintillans, J?. conicum, P. claudi- 
cans, P. curtipes, P. subinerme, P. pellucidum, P. pentagonum v. latissi- 
mum, P. triquetrum, D. caudata, and D. orbicularis. The first three 
were collected throughout the entire range of recorded temperatures.
Eight species were found within a temperature range spanning from 9 to 
13 centigrade degrees and are considered "moderately tolerant" in regard 
to temperature. These are: A. sphenoides, K. glaucum, N. armatum, G.
simplex, P. depressum, P. pentagonum, and C. tripos. The remaining 24 
species were found within a range of less than 8 centigrade degrees and 
are considered "stenothermal." These species include: G. splendens,
G. pingue, C. heterolobatum, E. lima, D. acuminata, G. foliaceum, Gleno- 
dinium sp. 3, P. achromaticum, P. deficiens, P. excentricum, P. oblongum
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"A**, P. perbreve, P. quinquecorne, P. trochoideum, Peridinium sp. 1, 
Peridinium sp. 8, G. monilata, G. monocantha, C. bucephalum, C. fusus,
C. lineatum, C. longipes, and Cl. macroceros.
Similarly, regarding salinity, some nine species were considered 
"euryhaline" (range of 10 °/oo or above). These include: ]?. micans,
K. rotundata, P. depressum, P. subinerme, and C. furca. No species were 
found throughout the entire range of recorded salinities. The majority 
of dinoflagellates considered were "moderately tolerant", being found 
within salinity ranges of from 6 to 9 °/oo; these 28 species are: P.
minimum. E. lima. G. splendens. G. simplex. G. pingue. C. heterolobatum. 
K. glaucum. N. armatum. N. scintillens. D. caudata. D. orbicularis.
G. foliaceum, jP. conicum, JP. claudicans. P. curtipes. P. marielebourae 
P. pentagonum, P. pentagonum v. latissimum, P. pellucidum, P. oblongum 
MBU , P. quinquecorne, P. triquetrum, P. trochoideum, G. monilata. G. 
diegensis-digitale. G. spinifera. _C. fusus, and iC. tripos. The remaining 
17 species are considered "stenohaline", being found within a salinity 
range of less than 6 °/oo. These species are: A. sphenoides, D. acum­
inata , Glenodinium sp. 3, P. achromaticum, P. deficiens. JP. excentricum. 
P. oblongum "A", JP. perbreve, Peridinium sp. 1, Peridinium sp. 8, G. 
monocantha, G. diacantha, G. polyedra, C. bucephalum, _C. lineatum, C. 
longipes, and Cl. macroceros.
The salinity and temperature ranges for the 53 major species 
encountered are given in Figures 6 and 7.
Next, if the various groups or floras discussed above are con­
sidered in light of their relation to, particularly, temperature, cer­
tain characteristics can be noted. The winter flora consisted of three 
components -- a large proportion of eurytolerant year-round species such
Figure 6. Temperature ranges of the major species collected during the
study. (Prorocentrum redfieldi, found only on September 5 , 1966 
is omitted.)
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Figure 6. (Cont.)
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Figure 7 Salinity ranges of the major species collected during the 
study. (Prorcentrum redfieldi, found only on September 5, 
1966, is omitted.)
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Figure 7. (Cont.)
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as P. micans and C. furca, a few moderately tolerant cold-water forms 
such as D; orbicularis, P. subinerme, P. triquetrum, and A. sphenoides, 
and a small number of stenothermal cold-water forms such as Peridinium 
sp. 1, and P. excentricum. The "summer" flora similarly had three 
major components: many eurytolerant year-round species (P. micans, P.
marielebourae, JP. kofoidi) , some moderately tolerant warm-water forms 
such as N. armatum and G. diegensis-digitale, and a large number of 
stenotolerant warm water species such as G. splendens, G. monocantha, 
Glenodinium sp. 3, P. trochoideum, and C. heterolobatum. The "fall" 
flora was primarily composed of year-round species and species with 
rather broad temperature limits in the middle ranges (such as N. scin- 
tillans, JD. caudata, P. curtipes, P . pentagonum, and P. pellucidum).
In contrast, the "spring" flora had a large number of stenothermal 
species with temperature affinities in the lower to middle ranges, 
such as C. longipes, D. acuminata, P. achromaticum, and C. tripos.
The temporal distribution of individual species was similarly 
examined for correlation with salinity and/or temperature. There 
appeared to be a definite relationship between the temperature on any 
one date and the observed temperature range of a particular species on 
the one hand, and the presence or absence of that species on that date 
on the other hand, it is beyond the scope of this discussion to treat 
each of the 54 major species individually in that regard, but a few 
examples should serve. JP. subinerme had a wide temperature range, from
1.0 C to nearly 22.0 C. In 1966 it was first seen on November 14 (13.0 C), 
and persisted throughout the winter and spring, until the end of May 
when temperatures neared 22.0 C, at which point it disappeared. This 
species was not seen again until September 19, 1967, when autumn temp-
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eratures first dropped below 22.0 C, and from that date it continued 
through the remainder of the study period. JP. trochoideum, a relatively 
stenothermal warm-water species, was not recorded at temperatures below
20.0 C. Its initial appearance at Gloucester Point was in mid-June 
1967, when water temperatures first rose above 20.0 C. This species 
then persisted until September 26, the date when fall temperatures 
finally dropped below 20.0 C. Some other species for which temperatures 
alone appears limiting are: C. heterolobatum, G. pinque, E. lima, G.
monocantha, Glenodinium sp. 3, and G. splendens.
There seemed to be little correlation with salinity if this 
factor was considered apart from temperature, and relatively few species 
appeared to be limited solely by salinity. One example of such a species, 
however, might be JP. deficiens. Although this species was found through­
out the year in a wide range of temperatures, it occurred only within 
a very narrow range of salinities (20.4-22.2 °/oo), and was collected 
on about 60% of the days when salinities were within the critical limits. 
Several of the broadly eurythermal year-round species have a more re­
stricted salinity range, and seem to be somewhat limited by this factor. 
These would include JP. marielebourae, present year-round save in the low 
salinities of spring 1967, and the very high salinities of early fall 
1966, and G. spinifera, also present throughout the year in a wide range 
of temperatures, but only on days when salinities were over 20.1 °/oo.
When temperatures and salinities are considered together as limit­
ing factors, the best correlations for the greatest number of species 
are found. Many forms are found within rather restricted temperature 
and salinity ranges, and occur at Gloucester Point only when the re­
quirements for both factors are satisfied. This explains many otherwise
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apparently random distributions. For example, P. curtipes was common 
in the fall of 1966, but was absent at all other times during the 
study period. If only its recorded temperature range (24.2 - 7.7 C) 
were considered, P. curtipes might have been expected in the spring and 
fall of 1967 as well. However, salinities in the spring and fall of 
1967 were well below those of the fall of 1966, the latter period being 
a time of drought when higher salinity water extended upriver to Glou­
cester Point. In 1966, P. curtipes was not found in salinities below 
22.3 °/oo; in 1967, there was only one day (August 8) when recorded 
salinities were above this minimum, and temperatures at that time were 
above the maximum limits recorded for the species. Thus the fall of 
1966 was the only period when both salinity and temperature were suit­
able for development of P. curtipes. A similar situation existed for 
other species, such as P. pellucidum. P. pentagonum. P. pentagonum v. 
latissimum, P. oblongum MA** and nB", P. triquetrum (too low salinities 
explain the gap in the occurrence of this species in late March and 
early April 1967), D. acuminata. D. caudata. G. diegensis-digitale. G. 
monilata. and P. trochoideum (to a great extent) and £. tripos and P. 
claudicans (to a lesser extent). Other species exhibited some corre­
lation of a more general nature, such as D. caudata and Peridinium 
quinquecorne.
However, it would be naive to propose that only the two factors 
of salinity and temperature affect the occurrence of dinoflagellates. 
While it is probably true that in the usual estuarine environment these 
factors, varying greatly over a short span of time, exert greatest 
stress on an organism, much evidence exists that more subtle factors 
also influence dinoflagellates. Provasoli (1960) showed that vitamins
87
are necessary for the growth of many dinoflagellates, although he cau­
tioned against attaching too much ecological significance to this until 
more is known of the amounts present in the environment, whether ever 
limiting, and so on. The greatest proportion of these vitamins enter 
the estuary via runoff from salt marsh muds, and by production by marine 
bacteria (Burkholder and Burkholder 1956). Wilson (1959) shows that 
various trace elements are necessary or beneficial to dinoflagellate 
metabolism. He adds that while these trace elements are normally pre­
sent in sea water and are unlikely to be limiting factors as such, the 
presence of chelators which facilitate the uptake of these trace ele­
ments may prove limiting. The role of dissolved organic substances 
(as energy sources, regulators or inhibitors, toxins, chelators, etc.) 
is just now being recognized (Jeffrey and Hood 1958). Many phytoplank- 
ters excrete these organic substances (Hellebust 1965), and possible 
interrelationships between various species in this regard cannot be 
overlooked.
Also, other hydrological factors in addition to temperature and 
salinity can influence dinoflagellate populations and distribution. 
Because of the planktonic nature of dinoflagellates, they are particu­
larly subject to transport over rather great distances by water move­
ments. Wood (1954) considers wind direction, and its effect on water 
movement, as an important factor in the introduction of species into 
bays and estuaries. An example of this was observed in the present 
study at the beginning of April 1967, when a period of strong winds 
directly upriver from the Chesapeake Bay preceded the abrupt appearance 
of many usually neritic species in the local flora. Wind is probably 
a prime factor in the introduction of dinoflagellates into an area, al­
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though environmental factors of salinity, temperature, and available 
nutrients would still determine whether these introduced forms would 
survive and multiply. Neritic species such as C. tripos, C. lineatum, 
jC. fusus and P. depressum would become established and remain as members 
of the plankton only so long as conditions proved suitable for their 
growth, and would die out if the environment became unsuitable. Thus 
it could be hypothesized that such species, which occur nearly year- 
round in lower Chesapeake Bay and its off-shore waters (Mulford 1963), 
could be introduced into the York River estuary many during the course 
of the year in times of favorable winds. However, they would survive 
only if local conditions favored them.
Red Water:
Many factors, some rather esoteric, have been proposed as the 
cause of massive dinoflagellate blooms. Certainly the cause or causes 
are extremely complex, and probably different for each species con­
cerned. Despite some twenty years work in this area, only a moderate 
amount is known about the triggering mechanisms for "red water". It 
is suggested that when environmental conditions closely approximate 
the ideal for a particular species, it begins rapid proliferation (Hayes 
and Austin 1951). It has also been postulated that the release of toxins 
and metabolic by-products could create conditions unfavorable to compet­
itors or predators (Hayes and Austin 1951; Bary 1953). Ryther (1955) 
stated that in maximum developments of red water, the optimal growth 
conditions for the particular species involved are perhaps met or closely 
approached. He further stated that the presence of a seed population 
is a basic requirement for blooms, and together with the enfironmental 
conditions, determine the species dominating the red water.
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The actual causes of dinoflagellate blooms have been the subject 
of a great deal of study, much of it directed toward finding a mechanism 
for control. Theories regarding bloom initiating conditions can be 
divided into three general categories: nutrient increase theories;
hydrological-mechanical concentration theories; and combinations of 
the two. Nutrient increase theories are based on the assumption that 
dinoflagellates, in order to increase their numbers so explosively, need 
some additional supply of nutrients and/or growth promoters, and that 
no bloom will occur without this supply even if physical conditions are 
ideal. Various substances, chiefly inorganic nutrients, have been 
suggested as the prime causal factor in blooms and various methods have 
been postulated for their concentration (Bary 1953, Lasker and Smith 
1954, Ingle and de Sylva 1955). Theories based on hydrology and/or 
mechanical concentration develop around the assumption that sufficient 
nutrients are already present in the environment, but that bloom con­
ditions are primarily initiated by some physical change, such as an in­
crease in salinity or temperature. Many writers mention the rapid rise 
of water temperature, combined with still or nearly windless weather, 
preceding red water blooms (Gunter, Smith, and Williams 1948, Pomeroy, 
Haskin, and Rotzkie 1956). Also, many of these theories also maintain 
that the bloom areas reach their high cell numbers by processes of a 
mechanical nature such as convergence or slick formation, which concen­
trate only moderately numerous algal cells (Bary 1951, Ryther 1955). 
These mechanisms necessitate the accumulation of the organisms at the 
surface of the water, but this is a characteristic of these motile 
flagellates (Slobodkin 1953, Hela 1955, Finucane 1960). More recent 
theories recognize the difficulty in assigning lfaM cause for bloom
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production, and suggest a number of factors, both biological and phys­
ical, which singly or together could initiate the formation of "red 
water".
In recent years evidence has accumulated that the increase of 
inorganic nutrients, such as phosphates and nitrates, is not an impor­
tant factor in the majority of red water blooms, as in waters where such 
blooms usually occur the concentrations of these substances is apparently 
never low enough to be limiting to dinoflagellates (Odum et al. 1956,
Bein 1957, Dragovich 1960, Rounsefell and Dragovich 1966). On the other 
hand, salinity and temperature as well as wind direction and water move­
ments, seem to have a greater effect on many species; temperature in 
particular appears important (Gunter et al. 1948, Pomeroy et al. 1956, 
Dragovich and Kelly 1964, 1966). It will perhaps be found that in some 
cases vitamins and/or chelators are necessary for some species (Provasoli 
1960). Plankton interrelationships, the role of excreted organic sub­
stances, etc., might well prove to be extremely important in the initi­
ation of dinoflagellate blooms. Unfortunately, as was mentioned above, 
these subjects have been only superficially investigated.
During the span of the present study, York River "red water" was 
caused by some eight primary bloom producers: £. heterolobatum, P. troch­
oideum, G. foliaceum, Glenodinium sp. 3, G. splendens, P. quinquecorne,
G. monilata, and P. redfieldi. In previous years, blooms of P. micans, 
Amphidinium carteri (both in summer of 1965), and P. minimum (summer of 
1966) were observed at Gloucester Point, while in 1968 K. rotundatum 
bloomed in June. Bloom producers in near-by areas include: P. trique­
trum (April, James River), P. hartmanni (July, Rappahannock River), and 
furca (July, Rappahannock River). Little other than generalities
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can be said about these blooms. All save the P. triquetrum bloom 
occurred in summer when water temperatures were high, and competition 
from diatoms low. The IP. triquetrum bloom occurred in successive 
years after the dispersal of the winter-spring diatom flowering. Per­
haps nutrients released from the decay of the diatoms, coupled with 
rising temperatures, triggered this proliferation. Red water is an 
almost constant summer phenomenon in the lower York River, and one is 
tempted to say that the presence of high temperatures and high sal­
inities in the nutrient-rich estuary may be themselves almost sufficient 
to account for these blooms. Certainly most of the major bloom-producers 
seem especially influenced by high temperatures. Also, the presence of 
still, nearly windless weather and calm water conditions appears im­
portant in formation and maintenance of patches of discolored water.
When strong winds and unstable water conditions exist, the bloom-pro­
ducing organisms are dispersed throughout the water column. Also, the 
effects of other factors cannot be discounted. For example, G. foliaceum 
made its appearance only after the dispersal of the first Cochlodinium 
bloom in both the summers of 1967 and of 1968. The possibility of an 
interaction between the two species suggests itself. A great deal more 
field study, coupled with careful laboratory investigation, is necessary 
before the phenomenon of "red water" is sufficiently explained.
APPENDIX I
Complete list of species and varieties collected during the study 
period. * indicates species included in "Synopsis of Species".
Desmophyceae:
Prorocentrum micans *
Prorocentrum minimum *
Prorocentrum redfieldi *
Exuviella compressa 
Exuviella lima *
Dinophyceae:
Phalachroma kofoidi 
Dinophysis acuminata * 
Dinophysis acuta 
Dinophysis caudata *
Oxyrrhis marina 
Amphidinium ovum 
Amphidinium carteri 
Amphidinium sphenoides * 
Amphidinium pellucidum 
Amphidinium flexum 
Amphidinium operculatum 
Gymnodinium simplex * 
Gymnodinium splendens * 
Gymnodinium variabile 
Gymnodinium pygmaeum 
Gymnodinium spp. 1 through 10 
Gyrodinium lebourae 
Gyrodinium pingue *
Gyrodinium capsulatum 
Gyrodinium pellucidum 
Gyrodinium spirale 
Gyrodinium aureolum 
Gyrodinium stratissimum 
Gyrodinium spp. 1 through 8 
Katodinium rotundaturn * 
Katodinium glaucum * 
Polykrikos kofoidi *
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Cochlodinium achromaticum 
Cochlodinium heterolobatum 
Cochlodinium spp. 1 and 2 
Nematodinium armatum *
Warnowia panamensis 
Warnowia parva ? *
Noctiluca scintillans *
Glenodinium danicum 
Glenodinium foliaceum *
Glenodinium gymnodinium 
Glenodinium spp. 1 through 3 * 
Protoceratium reticulatum 
Diplopsalis lenticula f. minor * 
Diplopsalis orbicularis *
Diplopsalis rotundata *
Peridinium achromaticum *
Peridinium claudicans *
Peridinium conicum *
Peridinium curtipes *
Peridinium deficiens *
Peridinium depressum *
Peridinium excentricum *
Peridinium leonis *
Peridinium leonis f. matzenauri 
Peridinium marielebourae *
Peridinium oblongum "A" *
Peridinium oblongum "B” *
Peridinium monospinum 
Peridinium pallidum 
Peridinium pellucidum *
Peridinium pentagonum *
Peridinium pentagonum v. latissimum * 
Peridinium perbreve *
Peridinium punctulatum 
Peridinium quinquecorne *
Peridinium steinii 
Peridinium subinerme *
Peridinium triquetrum *
Peridinium trochoideum *
Peridinium spp. 1 through 8 * 
Gonyaulax alaskensis 
Gonyaulax diacantha *
Gonyaulax diegensis-digitale * 
Gonyaulax monocantha *
Gonyaulax orientalis 
Gonyaulax polyedra *
Gonyaulax polygramma 
Gonyaulax spinifera *
Gonyaulax triacantha 
Gonyaulax spp. 1 through 3 
Ceratium bucephalum *
Ceratium furca *
Ceratium fusus *
Ceratium lineatum * 
Ceratium longipes * 
Ceratium macroceros
Ceratium tripos *
APPENDIX II
Species not previously recorded in Chesapeake Bay.
Desmophyceae:
Prorocentrum redfieldi
Dinophyceae:
Phalachror.ia kofoidi 
Amphidinium carteri 
Amphidinium operculatum 
Amphidinium ovum 
Amphidinium pellucidum 
Gymnodinium variabile 
Gymnodinium pygmaeum 
Gyrodinium lebourae 
Gyrodinium pingue 
Gyrodinium capsulatum 
Gyrodinium pellucidum
aureolum
undulans
stratissimum
glaucum
Gyrodinium 
Gyrodinium 
Gyrodinium 
Katodinium 
Cochlodinium achromaticum 
Cochlodinium heterolobatum 
Nematodinium armatum 
Warnowia panamensis 
Warnowia parva ? 
Glenodinium foliaceum 
Glenodinium gymnodinium 
Protoceratium reticulatum
Diplopsalis orbicularis 
Peridinium deficiens 
Peridinium excentricum 
Peridinium leonis f. matzenauri 
Peridinium marielebourae 
Peridinium monospinum 
Peridinium pentagonum v. latissimum 
Peridinium perbreve 
Peridinium punctulatum 
Peridinium quinquecorne 
Peridinium steinii 
Gonyaulax alaskensis 
Gonyaulax diacantha
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Gonyaulax monilata 
Gonyaulax monocantha 
Gonyaulax orientalis 
Gonyaulax triacantha 
Ceratium bucephalum
Ceratium longipes
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PLATE I
Desmophyceae, Dinophysales, and unarmored Peridiniales.
Figures
1. Prorocentrum micans Ehrenberg, from side.
2. Prorocentrum minimum (Pavillard). a. Ventral view. b. side view.
3. Prorocentrum redfieldi Bursa. a. Side view. b. Ventral view.
4. Dinophysis caudata Kent, from side.
5. Exuviella lima (Ehrenberg), from side.
6. Amphidinium sphenoides Wulff, ventral and side views.
7. Gymnodinium simplex (Lohman), ventral view.
8. Dinophysis acuminata Claparede and Lachmann, side view.
9. Noctiluca scintillans Macartney, ventral view.
All scales represent 10.0 /i, unless otherwise indicated.
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PLATE II
Unarmored Peridiniales
Figures
1. Gymnodinium splendens Lebour. a. Ventral view. b. Side view.
2. Katodinium rotundatum (Lohman), ventral view.
3* Gyrodinium pingue (Schutt), ventral view.
4. Nematodinium armatum (Dogiel). a. Right side. b. Left side, 
c. Ocellus.
5. Katodinium glaucum (Lebour), ventral view.
6. Polykrikos kofoidi Chatton. a. Ventral view. b. Nematocyst. 
c. Cell showing arrangement of nuclei and nematocysts.
7* Warnowia parva (Lohman) ? a. Left side. b. Ocellus, c. Right 
side.
8. Cochlodinium heterolobatum Sousa e Silva, a. Ventral view,
b. Chain of four daughter cells.
All scales represent 10.0 p..
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PIATE III
Diplopsalis and Glenodinium
Figures
1. Diplopsalis rotundata (Lebour). a. Ventral view. b. Right 
side. c. Dorsal view.
2. Diplopsalis orbicularis (Paulsen), a. Ventral view. b. Ant- 
apical view. c. Apical view.
3. Diplopsalis lenticula f. minor Paulsen, a. Ventral view,
b. Antapical view. c. Apical view.
4. Glenodinium foliaceum Paulsen, a. Ventral view. b. Ventral 
view of epitheca showing a different plate arrangement, c. 
Side. d. Dorsal view.
5. Glenodinium sp. 3. a. Ventral view. b. Side view of epitheca 
showing plates.
All scales represent 10.0 ji.
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PLATE IV
Gonyaulax
Figures
1. Gonyaulax spinifera (Claparede and Lachmann), ventral view.
2. Gonyaulax monilata Howell, a. Ventral view. b. Chain of
five cells, c. Apical view. d. Antapical view.
3. Gonyaulax polyedra Stein, a. Ventral view. b. Dorsal view,
c. Apical view. d. Antapical view.
4. Gonyaulax monocantha Pavillard, ventral view.
5. Gonyaulax diacantha (Meunier). a. Ventral view. b. Dorsal 
view. c. Side view.
6* Gonyaulax diegensis-digitale. ventral view.
All scales represent 10.0 /i.
PLATE 12
PLATE V
Peridinium
Figures
1. Peridinium quinquecorne Abe. a. Ventral view. b. Dorsal 
view. c. Apical view of flattened epitheca.
2. Peridinium excentricum Paulsen, a. Apical view. b. Ant­
apical view. c. Right side. d. Ventral view.
3. Peridinium triquetrum Stein, a. Ventral view. b. Dorsal view.
4. Peridinium trochoideam (Stein), a. Ventral view. b. Dorsal
view.
5. Peridinium achromaticum Levander. a. Ventral view. b. Dorsal 
view.
6. Peridinium conicum (Gran), a. Ventral view. b. Dorsal view, 
c. Apical view.
All scales represent 10.0 ji.
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PLATE VI 
Peridinium
Figures
1. Peridinium marielebourae (Karsten). a. Ventral view. b. Side,
c. Dorsal view.
2. Peridinium sp. 8. a. Ventral view. b. Dorsal hypotheca.
c. Dorsal epitheca.
3. Peridinium pentagonum Gran. a. Ventral view. b. Dorsal 
view. c. Apical view.
4. Peridinium pentagonum v. latissimum (Kofoid). a. Ventral 
view. b. Apical view. c. Antapical view.
5. Peridinium sp. 1. a. Ventral view. b. Dorsal view. c.
Apical view.
All scales represent 10.0 fi.
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PLATE VII
Peridiniam
Figures
1. Peridinium deficiens Meunier. a. Ventral view. b. Dorsal
view. c. Left side. d. Apical view. e. Left ventral edge 
of lower girdle list, showing typical enlarged spines.
2. Peridinium oblongum (Aurivillius) MAn . a. Ventral view, 
b. Dorsal view. c. Right side.
Peridinium depressum Bailey, a. View of "resting11 cell, 
b. Full dorsal view. c. Full ventral view.
4. Peridinium oblongum (Aurivillius) "B". a. Ventral view, 
b. Side view. c. Dorsal epithecal plates, showing single 
"hexa" intercalary.
5. Peridinium subinerme Paulsen, a. Ventral view. b. Dorsal
view. c. Antapical view. d. Apical view.
All scales represent 10.0 p.
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PLATE VIII
Peridinium and Ceratium
Figures
1. Peridinium claudicans Paulsen, a. Ventral view. b. Dorsal 
view.
2. Peridinium perbreve Balech and Soares, a. Apical view. b.
Left side. c. Ventral view. d. Antapical view.
3. Peridinium pellucidum (Bergh), ventral view.
4. Peridinium curtipes Jorgensen, a. Dorsal hypotheca. b. Ventral
view.
5. Ceratium lineatum (Ehrenberg), ventral view.
6. Ceratium furca (Ehrenberg), ventral view.
All scales represent 10.0 ji.
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PLATE IX
Ceratium
Figures
1. Ceratium tripos (0. F. Muller), ventral view.
2. Ceratium bucephalum (Cleve), ventral view.
3. Ceratium longipes (Bailey), ventral view.
4. Ceratium macroceros (Ehrenberg), ventral view.
5. Ceratium fusus (Ehrenberg), dorsal view.
All scales represent 10.0 ji.
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